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determ ned based on the type of sanple obtainable fromthe site, where the
" order of the above-described steps may be altered. The subject devices
Jnclude at |east one site flow charaicterizalion clenent for determ ning

. the flow charactciystics of a potential physiological sanpling site and/or
at | east one sanple type characterization el ement for determ ning S whether
t he vascul desuiable forang eshiBlogdsiiem sapiHuinsilensis 1o be argerial mmajuae.dhws.if seple | ui d
sanpl i ng si.t ey i AR devi : ] ited for
dee i n tho vt SHBRE L HOERRACENS) AR Hh BRMH b e i 7

| egs, ear| casple, heeh sitc Waklfyw posesanes bbfseriaPbiSenpliOMbaLE; theasampld sy bdat

i nclude the subject devices,for use. in praetjeins the subject t hods. 10
Bricu, D; s‘ﬁk‘l‘@‘y‘hﬁ\i@’@?s%ﬁmﬁlﬁ’&%ﬁ\l@‘@"“Eﬁg@r‘@“i}‘ ?H)S\?\!ée“ér%‘ﬁﬁéﬁhq ¢ bl ock
di agr amsr eﬂfaﬁﬁl‘?xﬂtrhm. F(ﬁ_@nsﬁh’ébﬁﬁ% KABN A B8 artdrl a0 HnSh1 & §&ﬁ‘ﬁ’§szﬁ‘n]ﬂ S0 ifkrspahi mal
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descri b,%d first) followed by a review of the subject devices for use in
practi cing the subject nethods. T3cfore the present invention is described,
it is to beRelogen Ehieadirs hat this invention is 5 not lirr~iled to the
particul ar enbodj nents descri bed, as_such may, of course) vary. |t is also
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i ncl udes one or both of the limts, ranges excluding either both of Iltose
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unl ess the context clearly dictates otherwise. "1 has, for cxrtnple,
reference to "a vessel"” includes a plurality.of such vessels and reference
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10 determ nation of a wide variety of different analyYc concentrations,
where rcprescntative; analytes include glucose, cholesterol, lactate,

-~ alcohol, and the like, In many enbodi ments, the subject nethods are
ett,ployed to detenrtine the glucose concentration in physiological fluid,
The subj ect nmethods determne a suitab%e‘sanplin site, where suitable
silts may Wlelermincdbaseddndhe Gipeiobemmple gbtaingble fronhide sistiwheraibe aetlengf thbut not
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as suitable,f. & Ik i.al ly . i t

o torian or Guse iR BtAyIAg Aot Bholbfie . o il ARBTG5 1
unsui t abl e Thersusjaoqhéethgdsainidhierickd are gaicularly swigtiifon Wk if theiddtectidigefr ¢ 1

provides a schematic bl ock di agram.representing the t hods of th resent
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be apprﬂpri ate to only characterize the type of sanple obtainable fromthe
site. é i1l further, it mght be appropriate to characteri;re the type of
sanpl e obtai nable fromthe sitBriprDscriraidV@ETRY DRRAGREGACt eri zat i on of
the flow, ctc. The subject nmethods will be described herein as serial,
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3U type charact &fjl,48Yis ati ds AosSEdiRl tesHidePL@Bgd S by way
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1- 1 bU H. b r#dhosame g pshe oleymehodish addition to) the above net hod

enpl oyi ng rt pregasaniy mﬁ%ﬁﬁﬁéﬂﬁné&xﬂﬂ&teﬁguﬂ&ﬁ%o%§§§w&€io‘5% Y80 bofd@mmat ~: d,
in those instances whére the best avaiialL~le site is soui;ht, i.e., the;
nmost al t pr oppicatspaldy tlntabpw (- telG0acands.duhesualy takes nempredhart ountsuends.

val tes.of "ot her VR kLB Y o\ pckBURoAIPHRR s YiMenhG RIERETE A BRARY 20
det ectizm takesSatadoth (R subjoat dBhkes ecaiilise dachiEbelons uielawesanhe wmeriduie@f GO

seconds, and nore typically about 0.1 to 20 seconds. Thus, in practice,
li ght from @f sampkag %wesqlqlwp%wmat mpy e PTDC“éFFddﬁ‘tﬁl RicreRracpssr wasking > g

) cast one 111:1_3-5} the c%ﬁﬁ(r)l g St)f%glg% éﬁjbk??m ”l'l\egnﬂémﬁ e fairs mifdk S&ﬂﬁﬁﬁl@éat&f%“

dual spectra emtlc ter oto c, a sem conductor die or
the |ike at ma;rm‘oedsmxgmu thermtchqaroa:s@elmyjaomfmmbmihﬁ:céﬁ@s tcal cllA0 Bnsnamd

irradiates the sit sone di nore_than one wavel ength is
used f rom RRBENe RSP BHE PTG e 108 FERE AL oSHE i 1 oy ent
wavel et hs may irradiate the site at the sane or different tinmes. Usually,

the silt will be irradiated for about 0.1 to 180 seconds, typically about
0.1 to 60 sBoRBEChardctskizationypical |y about 0.1 to | U 2U seconds and then

e AP Phactol | Sttpticldr, Gtn KA B H OB Ut A ertl G Ahe AR B TR of 12!

one of the follow™ a h00|ode toe ectric rece
phot odet ect potdnteal sxermnapbdcmrmtcrdcéby dwlcmhmngllheeRBCf leRardetesfttrelsig, gga RBG
then related to henogl obin concenration, i.e., total henoglobin or a

c~rnponen~ or suitable ratio thereof. In certain enboli ntnts, the detected
light is then conrnunicatcd to a suitable nigroprocessor for 15 fttrlher
processi ng such as conputational processing :nd the |ike. 13y way of
background, generally when the skin is illumnated by light, if the Iight
were to enter the skin, reflect off the collagen at the bottom of the
dernas and rc-emerge. fron1the skln mnthout absoIZ~t|on by an chronDphorcs

e T Y, 1



20 | When chronophores in the epiderm s (nelanin) and the dernmas

(henogl obin) intervene, the reflcctanc;e is attenuated, giving a signal
defined as Rt~t.' Thus, an equation representative of |Ihc signal rccctved is
defined as: (1) ~tot~"1'n,2. TIlho2 ~rlll ~ . ~~ 25 Were: "1'",
represents the fraction of light allowed to pass through the epiderms

wi t hout beillwy oditld sitseln Mbcmrelm|dnbctmimallmoo&elpgbwﬁl Bux ¢rerebpends tomghflowi ght

absor bed byvaRyRECROgoPhE IS0R BRI top St LI A 4 hathonsi et g

;al 1 oved to passtd du@tgic flive bdedBRBO R @RIt l@ﬁmqh&}fﬁﬁemﬂoh%ﬁ bei ng
absorbed by deoxyhen | obin. ' Thus, the | 3ccrs-1,anbert formulation (i.

| ht; equat.t?ﬁuwmsegféwgt Wg]“t"ﬁ@%ﬁ”ﬁ‘ﬂb’HP“eCh@h%?tmtﬂFfemHE@P“é@ fohghb%‘;dh?)b%’ﬁn of
i ght vari %ﬁ%&m&ps&wh}Msméﬁb;éh%mﬁ Z%éu&fd F&'eexl.n?)lﬁ]%rtcg@r}lq the

absor bing ne oncentration and extinct Fcrent) of

equation 1 catpbov}en,; Bpp]@]ﬂt) [léwmbiny Retiods Ray bgcmp]oyédwﬁmwéppﬂdﬂbm}wﬁmwm well
+h)Lr~b] Et1Ir ents.t he ahsorbance a

O Goont o KRB 38 THEiA 4id RS e Ao P10 FEHOTFBEN GL HER Ci bE Biopplor

subscri pt. fbwrhbtfﬁ@é@ﬁ?@k&nﬂ@??@}&d@s@gelecﬂ' qk%eﬂymeeﬁ;as(g%tsm;@' (Yutcu(('cJ]u Blood
repr eSenLs nol ar ‘concentrat’i on, repr esent nel ani

oxy hemogl oBilewand Faprdmy ARG IPOQSF»r(1995é)s ﬁ@,& ¢hﬂeﬂcgcnzsthmepy bcsmmdémph ¢o,molirar

aopar oP T RS Rl I hiSeleRln AR RRICHARBERE st ablptenli M i o

sanpling sitb ethohirdeehodll, tb@trethalls mgﬁe perlormetl akihb gariid acdiffefchBimésor bance in
equation 2 about is a, function or}ﬁ of the nelanin absorbancc such that: 1S
(3) A=-1n(R-o,/ AeIpeaionesygerpraly MTcHpistyR BC chryqierizption mefhpgemgasurathc wher e C
represents =l lEh ! I t
|bsorbanced]?ggscu It : c? %@ngg@ %glengf:b;drfil%%q?grg g%gﬁkhatﬂw%aggb@nd&&h
In(Ha e) C\ﬂ’renlmﬂed@ctq Eﬁmnwngehjcbﬂslsm.xs)RB@ﬂ‘mplc.hlly, $kin naszrmaamtcdwgrledohmeoel

ved by he phot odet.ect.0 s, to obtai gr oy nd s 1

navi g 15ubSTiER PAVTETIS g e segtifocp oY gl 8RGO madulhah PL G Hght oo
has been agmcileslgdr ey wiva!dn@ths tHeSleapt k1R percthitRWE A s}bhcmmfcb@w@ Qighhe site,

t he 25 ubsorbance due to hen~og3obin only can_be deterni ned by I rst

det er m ni ngettaredbpackdea therimderdying dssugiseicteckd by al@oﬁh@%ﬁwﬂ%@?@ﬁed from

the first At | ,};,q;@
terns in egﬁgthﬁjglﬁ%é&%ﬁg%%%%%%dc}a secro%gac?el“élgqgﬂjgﬁfsch cr nent vx/nere

bl ood was Héghirkiviehasewatigredipasktienm ingmobite ahjaces is the same frequency as the original
20  illuminating beam. Light which is scattcred back from moving objects, such as RBCs

flowing in blood vessels, has a slightly shifled wavelength, with the shift dependant on the
velocity of the moving objects. The shifted and unshifted light returning 10 the photodetcetor
interacts in such a manner as to produce a Jow frequency (typically 0-20 kHz) oscillation or
beat in the detected signal. The oscillating or AC componcnt of the signal thus contains
25  information about the velocily of flow of blood cells, while the average (DC) magnitudo of
the signal contains information about the total amount of light absorption and scattering in
the tissue (which may comrelate with the total amount of blood, both flowing and static, if the
wavelength used is one where hemoglobin absorbs strongly).
Thus, a large average absorbance of light in ranges from about 450 nm to 600 nm or
30 850 nin to 950 nm indicales a high concentration of red blood cell-containing vessels,
whether or nol (here was flow, where such a high concentration of red blood cell-containing
vesscls indicates a high concentration of arterioles, venuoles or capillaries. The AC signal is
processed so that its power versus its frequency relationship is determined, The integral of

this relationship between some lower and upper frequency bounds (c.g., S and 20 kHz) is
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~ As such, since the nolar extinction coefficients for both oxy and

' deoxygenul ed 30 henoglobin ~Ire known for all wavalcngtlts in the visible
-and near infrarc;d range (see for exanple 4, ~V, Van |l ssendclft,
Spcctr~ophotornetry of ~ilerrioglobirt herivatives, Charles Thomas, pub-,
170), oxy and deoxygenated henpgl obin can both be dctcrtnrned by using nore
t han one weletsrmingdhwheve theridiergilpw inargases ay s intagrakinCleases(Ttis intgpial ighat -

(L L a R At ey BB e ST AR L e AR s BT o, |

using the shiy RGecr BRdshPRGcloe, Blitpats praRkifdnhF® floveard eApyed isictods RBESRRNt i al
site, the wavel englths are typically chosen so as to S have very differc;nt
B

extincti on Rwerampipelorrauiag such as ef"8Hyt hs arc usual ly chosen to make
equations G and 7 as ouhégonal as yssi ble. Accordingly, the first step in

t he subject rretr]agg g c ,se henoglobin of arileis to

del errnr ne the bac g‘&gun Téﬁgﬁa}a té\{[e the site. By background is neant the
absor bance of Ihc site nof related’to henogl obi n, for exanple the
absorbance related to nelanin and the 10 |ike, As such, light of two

different wavel engths irradiates a potential site and I hc background si gnal
i s defected. Nbrwh%ﬂémp‘rtpscatlsnlgp shilteddtegnetchisl; ofd lhrrg[breseatécddrmemdsppdn t hat

the yTtol ar nction | t as of 0 deo nat ed
horout oot aculibiingRe A6 e pR Rt TeaiSel h N e Bef Slhh SRt TGS
one nol ar Ephbtd&ﬁirbnﬂnRBQﬁirfxl 64 Rkho@R abtht Rt (ke fomxaﬁprcrnﬂrﬁﬂcs%ﬁcﬁmtl ncti On
coefficient goes down, where such nolar extinction coefficient deltas of

oxy ,ir8 ddbgygaratisg af the i Entanecus Bleatoiawiand dinghaes, CRE Becss.((§943), dayi ne
the b ackgr %qgc icmtctdﬂﬁ%rﬂé)ér‘ég&lu@hal 4 EiGw! Phd @tﬁ/%lr H@(ag%ﬁ’@@%@ﬂ@u‘d%k the

occl uded or rat orarily substa l'y"s prevent ed
fromenter |Ri§)01fllu@ &l dedined by t}mmhunl-ckshybeprfmmgs sn@smntﬁ]lytph@cﬁmrfal 1oflow ,

th t f the,d bed I
rto 20 t haa@uppdea ol RRE il ioinsnegRauen fiof cue 48§ V'ﬁﬁa*ﬁr%fq%épﬁymﬁfogw
bl ood flowthqidh@IRIEIgx. | N this way, the site is substantially devoid of

any henogl obi n and thus any absurbance will be attributed to background or
t he abdérbance cﬁwoahmmgnémmmpw@r@%warhahhét syewelengdhinake iageiiem abakce

signal is c und
value is t%@h%@e er m ne base‘g{ﬂm‘S/qﬁln;‘j ﬂ%ég%ﬁﬂg&égéq ﬁrbé%)rgﬁtgg | gjn‘l‘s(%ﬁ
typi cal | y aotwoaoéhcasld lgscr bbthe 1ikB ampe:cdciudcmtﬂcwnmpMHS,r\ghmswbhtsemtedotmghs uch

a background et er.m nin hod i s conanuni eated to m cr ssor, where
such a ni cr'® %fc‘é:% deglﬁgﬁ{ye‘g a{"W@"ﬂHS\‘ﬂE ﬁlg WbF"F‘é‘(/%flr"'@‘FC‘W ?\g@g%fglﬂlhe site.
Fol | owi ng trbﬁcd@@pﬂf&m&nﬂros@a&hsmmnmrpla@m@ggl 118 8xkhngk With 1BnSEGROFHERI NY
al the sire is taken. More specifically, light of two different Wavelengths

i rradi #0es Mepsuref japd a\)(/h‘é‘?éeléleéw the Cb\ﬁ%‘éﬂ@ﬁé’@@@? of thesitee puchips rRH(Frﬁtlxytlher e
is alar ge c@[&gr&%90§ cthemga%{rrtc % eocq’ccﬁtnldl?Hré?gqnges% r \vocf‘f[qﬁE He(g eC h %)%htof]m

wavel engli, s e Si gna he two wav
variolrs carf mspbwantmogrﬁmhwhaglthﬂammaqmm:ebmr d&helcmmmds fhe valut helatad avithe

E I T N TR NI TR L
dcoxygcnai edhgspgl&lkin and total
25 In onc instance, the RBC characterization value, e.g., the RBC flux valuc or a
statistically relevant value corresponding to the RBC flux value may be compared to a
predetermined value, e.g., by means of a microprocessor. A comparison may then be made
such that of the RBC value is above the predetermined valuc, the sitc is characterized as
having u high Tlow rate and il the RBC valuc is below the predetermined value, the site is
30 characlerized us having a low flow rate. Alternatively, the best sile (a highly appropriate sitc)
amongst a plurality of polenlial sites tested may be determined by comparing RRC values of

other tested sites,
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-1G- henogl obin (1 hc sum of the oxygenated and deoxygenated henogl obin
conponents) c;an be determ ned) where such a detern~ination can then be
cotnparcd to a predeterm ned or cut-off value such that a total henogl obin
val ue ~indlor a henoglobin ratio value, i.c., a ratio value dcfinecl by
HoQ' Hb, above the predetermnmned val ue is designated as a high hennglqbin 5
val ue and a herm'@lmmlﬁ, RBCwauserdzptionds prysedin abphcliog0gecands,deudlyrint ed

I h ly, th I b
Comard { GobraR RoRPalB e Ph RSy Sl QY L Nose Tested

is chosen. kcferring again to Figure 1, if a site has been characterised as
having | ow fl ow, a furt her determ natl on regarding total henogl obin |evel

wi || enabl &1 TRRIZATBN 10 site as havi ng substanti al
vascul atsure (hig
o e (M %k &ﬁgx?iécrd;g?ctsl(la@ctqf.%cf.ea&?ﬁagsvée%s& fagp%é}a?k\@ﬂzhty#ﬁgﬁgég%@

Once vascul racthods degeraning: wh@lhﬂsmttantatapﬁlblu pf:lemreqsmgst prodiicih g yummnudi;)uutbanh re

i s determ ned, s then f char ctcr as .hei n opriate
or ot 1 or gk PrsEArlRY Setou srge b SupEn e el e na S TEAIRE
particul ar Jgestuse@siid duaﬁ Qfithithd dtRve lésdhiBed hbBBoROLE A drRherRAEHINIGNSI e

w il be determ ned 15 be ~~ppropriate if the total henpglobin site is

found to b@drwdftshimﬁlbdémfe@bwlﬁ@dc flembumqwml@ ceh beimracierivzed in meeris iy Bov

fluid. t
L A
descri bed ndpihdde, rate, dibdiaHbapilktry, {5 afF 1gdmer1) l:ﬁé) hijgt fdowrrate denais £f5® of Higderal ),

rati o enabl 20, churacterigation of a si elt | ow and

e ori al T ouh lavafowag e P 5 veiops b digrs Ao A BiuIoREST 5 gur e
1) _ In ot h%mmﬁﬂﬁuma (§h8ﬁF1E§%é']'79A@ndt&i @eto'quhé/sa%pléw s LR Ao indh be in
concentration of 1-1 i'S indicati ve of an ar crial/capillary site

and a site h!dulquoaorrlelpmcpvélr;o»\ocrhamt@gwmu wherg theowdesod dlanse may ibe shasized0 i o
Ho is |r%d| Cﬁg ve of a venous site. Spccific~tlly, a henoglobin ratio is
determ ned L&y upon the above descri bed equations, 25 typically

automati cal l'y byAaafitt§iodpictites sl bewbwlte chatdtezedRt ﬁi’nﬁplﬁ%b@ﬁtdﬁ'ﬂﬁlctfhﬁma be
conpared to a predeterm ned och"le ﬁt‘jff val ue such that a ratio value about
P&

the paedct RWEHEHSAMANIG Sile: W ragtengayngmdhsmoglobi dharagisgzafion 476 of

val ue bel owqfag1RiREREE FBt Beshpi@litehiss ﬂgﬁfss'.itg'i‘aaélﬁﬂlcﬁﬁz@d sV n%ta'H? Wﬁ’t.llkte As
not ed about, alternatively, the valués nay be conpared to ot este

sites such andkr attigh begenated bcm@@tgn/ﬂem@eena@sklwngbmge ﬁwh@nbecmd{ho

arteri Icaplllar versy eno , | en further
char acr 0 b gt AR b ind B RO PP bl nd of

Fi Igu_r.e I1/) Hblog{mﬁ:prewrtflﬂwerlndlio thla&opmumwtezmlrteasb bé et ]Iia&'$ng sub?)lantmllyhlgh g
arltelltal/cspll] ar npl e a pOt nt i e det.er ne
to | ~~ appr wngtﬂﬁwﬁ semelo5n PEEERS: )am? g aﬁ%ﬁﬁ‘ﬁwgﬂ%@c i"g}He”‘E%‘ulé pying low
det er m ned ﬁtﬁbet\?r lG@ﬁﬁRb/ﬂb%u@XP& ‘a&%hﬁ‘iﬂu&tb%tmfe'hﬁhh% sﬁﬁ’s%'uﬁl'l;f ﬁ@ﬁ'ﬂ'nlvﬁ{gy

sanpl e, particularly high flow artcrial/eaPil owever)
if the par tYQtlgu%l$dlmléSf5br¢fcﬁ!£lﬂeé) Frbersioss i lew fﬂ%SIWS@MTﬁﬁﬁrl@dm@hﬂﬁ@; Bite

Fow ¢ s 116D DR eB R AV RN hatilfed e e REInRP anBHY | ™

venous sanpd:@jllappbridnous amhple (Gbadf lﬁglmwl)/amadﬂslcwanm gite i cheraapfsdisihatigpass
will be descrl bed in glreater detail, below, .5 As described in detail above,

in practici Y PHEbenpglebin lexsl Abus ibFs deksrained e be & pitf ofipteasitisliuid 0a alhet her
HbO, Ho ox txgﬁl%l hﬁm%g!hgmﬁgjectl 1h\%m10§ gxh'ﬁ'ﬁﬁ§ matos A érglpiesﬁn ih@SRLadb Q846G a

ete,, irra tsourcesnrra|aete3| te wth
Ieast t wo diaffpdingnite wedmglgimsamemuihm @hlumlaud/orngeﬁsmmrﬁmbtbmablcmlhe
1200 nn:{? A phot odet ector detects the absorbed |ight and the anpbunt of cacti
henogl o ¥Shponent can then be 10 deternined based on the specific

absorbances of tAgy veWehRACBHRo® inay Bt QERSD chiBaE zeIHE Pulse and/or hemoglobin
values or lovels of a potential site, where RBC characterizations and hemoglobin
characterizations (tolal hemoglobin and HbO/Hb ratio) are of particular interest, Each of

these methods will now be described in greater detail.

-11-



~ absorbances arc then related to the particul ar henogl obi n conponent. More

. particularly, a device having the above described optical conponents) such
as a device described in detail below, may be used to practice the subject
met hods. As such, the device also is lyrically operatively coupled to a

m croprocessor working under the control of a software program 15 Such that
" the microprocessor is capable of pcrfo~ming all of the steps and functions
necessary BPI9H§!¢EQ§ckﬁ§r¢DF henogl obin of the site and al so determ ne the
appropri at or a particular test, for exanple the

M Cropr ocessor iAs (tapalbrldenbof/c [Zbﬁécf the lﬁnowgafalslte his lick® cl:oaqerizat) ihe detanthgion

conpari son ry rm.ne ox at ed, deo enat ed t ot al
henogl obi n Qfé‘ﬁli’g % ‘h%?rﬂ P® ‘§B%¥F “ EHer Eﬂ“’@&%gb B’e’(?wrfé{hh‘{'ﬂﬁg‘)" t he
total 2@ h%@k@h'lﬂul@ﬁ%ﬂ%ﬁ orify/ tyfté Jf%ﬁlﬁlﬁlc%)ﬁxlgglcmﬂ{e%ﬂc IRr3xBhRESE g5HE ned
val ue or e used ~s a conpalison agai nst other val ues fron1other tested
sites to des eharieierizedes badng blghélo&frmrh@ntpuésephm@tcmzagnomf:ommestoteest es.

Addi ti onal | pL,i c erm na SCri e in addition
to, or instigﬂ“@f""yd)flhggvcélg%we“tF ‘i 2%?@&‘&"@ Piz‘?)t}f’"ncgf‘ng’g% °%n certain
ot he[) egbocﬂuﬁgmlﬁtﬁll@f\'gﬁ&% st&hltl![ lﬁmwﬂ?%&gﬁ%&bmmﬂgﬂ ﬁxﬁd@@n&ﬁb@élb%ﬂw @nl 25
may be derived according to the nethods described bel ow ere the bel ow
descri bed riBtchbidig! Byid 88 particul ar use where the path |engths and nel anin
Gosi rabs o ohap e RRinilst pORF BNl IL) Sob i PAREE |1 1
potenti al sihtectefigadsm (laysiteayg. oRBﬁzfmkgammhbcdhbwchmmﬂncmom‘ fondstetmonigil t s

such as 50 . D22, 948, 5, HboU nd Ho have. t he sanme nol ar
ot i neti on RRCERTAMERHES phervRIG S0k BatREncaeriGRAbare PR ULRFLPE AEEHE wner e
rbo and Hh e ©dBtheRAE MRS eithdd firlRNoaRR{d el BiodNBofih RBC t udy
oC Riot will inc;rc,ase or decrease a5 total henoglobin decreases or

i ncr eases, hhtz@g@tf@sp@adlyg teasdiee pulse indicptes whetherdhe hmls ateril gubsmammwdloyn

consta Si.t E R enb nmogl obi n
can benlge ﬁg})ﬁg%ﬁlcéﬁ.}]t dh ﬁen%ﬂhﬁgaly sgg%&]lﬁjﬁ e'xrgle.] %5) scalwx)‘ cHe sﬂq ) =C 2~
ZFLlhl( §)]O] (t {(Efﬁdmcpuﬁmim%fafd dslﬁﬁﬂy]:ﬂ m‘)(dsdai]laﬁflewﬂra rrbqu%ﬁeﬁoﬂi?l 16ﬁ1)tbb]?v~€en|i?0t.mh
H + [H Thus or, | hi ticular I, ment t of one

wavel engt h %OW%%ﬁea|Pe@§"%}tfsliﬂtﬂéal§RE3%vguteﬁc i9PEiyR drribRbC SLBH! bhat
11'bO rind Hynhavetoldhd o 3 imHeakt tRatt ddaln d?]'ﬂm‘épﬁitntlitﬁhgﬁltan%r&hﬁn@mg nce or
si gnal |sthen defected fromthe site and the total gl obin e site
i s determi newcbiseuntiponThhpulsboveresdsapmtilo segeatn aericoned eapdiari l@ntl mes the

t ot al {

it ropr o s GAREBRh At 1o o fIELBIMAE A PATRbACE fof 0By vefus .,

L, FDI I aSﬁerlnqneclﬁonll)t. thq:ullsatqmsl mmgml% ?bm&xbautsﬁ 33ttolab?x\;]bi3t3”|llléjo Lghmlld)dfrH%mraBoutt )
engt inction coefficie of_ ho ~ rc.the

sane. The EORZER s sy Fpmaner €83 & B g o B ne

phot odet eetge 19511&1%1‘/‘611@5 antéial, Q&I&Hﬁﬂv@l?%‘?b@l@ﬂﬁfﬁ ih thif REQCREY hRgd B%of at al

henmpgl obin | evel of the site. Once tota nogl obi n has™ beén determ ned,
the site i sdotastad aris verywveakhahesiteds chasar (erized e woapp\ﬁ@mpté&agowlemhaffmp a

Partic u est

Foqui r €8 1o ERpr 1Y RS AERt mBenE R ol gr st RHBREN 6 of Do

det er mi ned vamecilatuep@hoRif 4 diteds tétedniiged @thate NRigh QBT GHigE6wW) ! in@lmﬁ’lséo be
| ow, and the S|te is thus, determ ned to be capabl e of expressing

i nterstiti alghlypulsatils; the sipischpirtaizsdas §l‘twal4camléaré|é§erlmibﬂow ANgr eat er -
detail bel oyerik ; l i enogl obi n
characteri s“éviﬁ"oﬂcﬁg‘“ggqﬁgﬁ‘&‘gwgcg]re {;ﬁgquﬁlﬁﬁgugleﬁ %%ggaﬁdjglggoray gd bel ow,
wher e t he baibswniikdlyor dsitileeldvadbe 1@ lmryend)él lpaiewmdwltaascuktexrmey bde path

e and i 1vePBuider o ARG BMCER o2 Fud BN RTINS T 6 of & pot enti ol

site, e.g., HhOIHo. In this particular enbodi nent, two wavel engths are
chosen to irrfdlate a site, where, at each mavelength, t he two henogl obin
speci es ha clarlEafighent extincli~n 2S coefficients, i.e
oxygenat ed henog cfion
coefficients. FrbqugﬁgﬁﬂxﬁSﬁ?%gﬁ%%&ﬁgvgﬁgﬁ%%ﬁgkwngﬂ¥ﬁﬁﬂ%géﬁ&ﬁ3§?ﬁThhﬁcf
subst ant i al byychdifcteeizémgt thek¢mnoglobio nharaeérfaf diecsite Sfoi excampdiea clirtictatzaiew06( the
limted to, 431, 415, 555, 700 ;aid ~~10 nm That is, a first wavel ength
and a second wavel ength arc chosen, where eazh wavel ength nmay be sel ected
fromthe above described set of wavelengths so th;tt |:1b0 and 3U .rib wll
have substantially different wavel ength coefficients, The extinction
coefficients at such suitable wavel ength pairs have opposite ~lcllas

bet ween the two wavel engt hs, i.e., ‘ua one |ncreases bet ween the flrst and
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In(Rtoi)i - In(Ror)2 =Lr - C -2ID( [libg(e~ii~0~E-n~o0a) +[Hl~~(Ern,r
10 Errnx)] Thus, if (EHBQ -~-ibOz) > 0 and (~Hor-eHb2) < 0, then In(Rtot)t
- In(Rtot)2 increases Hi s [I~bQ increases or [Hb] decreases, For exanple,

if the extinction coefficient of HoO is greater at wavel ength 1 than

wavel ength 2, and Hb has an extinction coefficient that is Less at

wavel engt h total hemoglaliel of thy site will enahde adetetminationrol mhether hesile isrcapatle ef gnal s

he'rati o oPoRsnea Pe ey T NerR PR ko i DB RBRFLN RO TRG o

char act eri zj @ Ha@irl subamang MiersGRNgRN WAL 98 lik RebiefeRRdbin. Meo, asiiLh t hat
this nethod of character|2|n HoO/ Hb rati os |sCBerformed on a site having a

hi gh henogl wnril/e«wﬂbemltewwwcnrgr@tqﬁemoquiélb e’ YenquR site, SHARCIRBHIBER obi n
concentr ti I t /13b
o Tl hias sEali AL eter SRSIELSS ot A0
hcr ri ogl obi subemmtd:zdly ztrtcatxi/ampxllafgpﬂmpldmrcsabétgmtxaﬁypatoetmsmaﬂalcs| te is illum nated

with two wavel en t hs front Sourl,c ere t sources na
e ue one. or i ebtiRsS: BRboR: tortreuR 28 Blopames of B BpRRi e FRISE® ar

chosen suchydiiatind e h@?\b@%b%hfﬂh@“ﬂl@nQ)‘Pﬁfefﬂo@énﬁ@ltsugellntoﬂ?et Yords, IO and 25
I1b arc: different betweén the two wavel cnbths) i.c,, as one goes up the

O her goes mmpnmcaesmlumwbzb@démmm tressgutttﬂthrqmlbb,ttb@le@temteésﬂqmtdetcmdt he
si gnal om t.he sit of t si gnal
is rel a{ ed 4 rﬁ‘tf“t—lt?gi hey y\aqxtcénﬁgggtgg&?%% qﬁ‘é‘t@ %‘éé‘% %ﬁé’?‘éaﬂat. ons.
The site i scdnfexd dbesriddaccesiagtpeted td ilex(&l(ﬁliighbﬁhuﬂﬂmsiﬂl@b n&nltdatxﬂrmd NERL, &0, a

particular test. Site appropriateness wll be described in (greater det ai |
bel ow, 3Q ,Mdthe shsorranee of the fight i detected, WW%@‘?SHH%@DMY%H ejtivegf /' or a
Particul ar Jesio1fifn ThhiQRGds l:”s cﬁxﬁ‘ rﬁﬂP&rR@JzﬁrH@xg%ﬁaé Hje@ nitticis RE 2
particul ar test is determ ned subj ect net S. e]§ r]rlng now t o

steps 3, 4 xamsdtcﬂ \Glﬂud:l'bgumpar&.d toa,spxﬂées@mxmtkahtmauthatmtwc&hcss:toeln &her

characl gri ~ f|.ow and/ or |ts a s inregards to
the “oof3 ' pipbstmentt Blpnporde Rosrishateid Suf R APy R eI SHSs

appropri at eness AsJbRsbedigtins ded i iﬂraﬂﬁfcﬂr\ﬁl}ﬁﬁ%m andrihgiEht #hsotdBl 61 (HEhAvS
certain sanple test paraneters and their correlation to particular sanples

obt ai nabl e $igtheathgilight reflgsted Ry prfransmiticdithropzh bepreacfiipred. 14 daicredumianyl e
vol ume.  Thugyeh Reidly #9068, doileEit AL € Uy @anshifhad a@@e@ﬂ oalBf QIGLNG
or 5 expressing a greater volunme of sanple (a site i ng er I 'ow rate)
woul d he | nv@tc écebf,dot exampii byeathaist oo lighpddidator oéagoptxdm@ﬁmcfnltcmvdcpfoccsstng
ar~terigl/c |IIar andl qr. veno woul e.nore appropriate versus a | ow

L ow si Rk o geieglt bR dheiraing the e pBrrodbetr A B G B! Bt e t oot
required i ni&esidd hightlor bl é&FQctﬁ@ sRRANGABhd Wandfehed |3 MEROpIbEREN FOF fuMBEOUS

bl ood. As such) test results neeting the requirenments of such sanples woul d
be del em-i ner@c%mlsewaﬁﬁrﬂwt\lbatmowwx Aol ungderrthe penirol eka sofstﬂi%p@sm@t J@ose
tests calib

ae bl ood, by e otR, OB OOR TR Pk o faRSA AL A RIS et
;end <<s suait al 1k¢ SLepwdcbssmy lded;tmnnﬂlsietlthmpmubptaslatlh:gﬁmiicssu’cWhahctrest |f t he
srte is aractcr~i s ar a |IIar and/ or venous

happr bt 1 abaTarped gty o et ot M A Y g e G pat g BT e g frctea o7
However, Ce(rﬁr%hﬁtl@l hgm ok 88ich al&ﬂ%]e@a%t EthtiGieBIs ahRIh@edmAAe ddhfh

interstitial fluid , accordin , require interstitial f|UId Js t he
appropri at eprfuﬂumms@drwléc died cxatsmgmuha sighaleverp 1 betrbodes predetaminepprloptheat e

| nappr opr i atie et b6 RUEing © s PR LISk e Wiy ety 7 o

bl ood i nst eadicmhuvc&mdumcbignoﬂwcxeno W]Gﬁ]dﬁEﬁ pﬁdclamdnasvtﬂw; hewite Imiblet be

det d t f th th 2U
oo o ARRRREd Bty s b et BTk Jout FoOTHb afios Afigitvely,

ot her wor dsgy i@ dii@itfon tdahe QMY InfeBSHIRREYi R 4 ﬁﬁ-@éll:xlnﬁﬁé/d sl @rwiHanaY %éatnaﬂ
woul d thus correlate t'o a hi gh flow artcri~~l/capillary and/or high flow

venous si | t valpe iseompetysh inrlbepgiindancnbers thetbiesl avhilahilesiteas bahghhis., dwnwcﬂtate

t I fl te_ch

o1 2o G e RS e g 4] nedist e iR A of S JRa S e
for any test.tluaﬂnc%fdﬁ@%chagax@@wmcasundnam@yo%madbMQsOtf tdaﬁy%hhfaj ect
met hods, appropriateness of a site for a particular test is typ| cally

acconpl i shed automatically by a m croprocessqr, where the m croprocessor
wor ks under the control of a software program and includes all the code
necessary for it to carry out the steps required to deternmine if arile is
uppropriatc for a particular test. 3UIV. S krn Piercing Once an

appr opri ate 5| te has been det erm ned sarrpl e |s then accessed and coI | ect ed

. ~ o ~ Y T 1



towards the skin, or may be automatically activated to pierce the skin, for
exanple Ir-iggcred 1 S autornatically when a suitable sanpling site is
located. 1n certain crnbodinents of the subject nethods, the at |east one
skin-piercing; clenent, or one or nore ol ear~cnls operatively associ at ed
therewith, stinulates the e to produce or express a greater_volume

andl or rat eo%*lc“lt’ﬁédlpm?% mﬂ %@?f@an tfflqcmtzpua%'t? &80 rondsand mpse viugly abgut flyi d
desired, i. I of physi ol ogi cal fl uid.

Por 20 exa thGeO Sg ?{EE@&%%ML qutg 29§§é_ofﬂﬂan ul trasoni c cl enent ox
the like, may be'rluxsedx ;trmctmcelag}wfmnthastams light dobcsild Qll]Chp[le’Ichhle dgamcess

and coll ectjon e such vj br 0 stinulate fluid expressio

certain enm6t Hﬁmlgb 1a5¢r sMpifing ‘@‘?fl?aﬁgltﬁﬁ"%efﬂ?eﬂr%h‘?m“ﬁ@l SPeFHn'aFHH}“EI‘r on to
or in plsacesRkotiRer ?MtH&hgd@ta's@hﬁhc%hﬂlﬂgoﬁil@éﬁﬁ& fike & alVRRRNBhHYA %&H@Eﬁfﬁmt Y

i ncrease the tenperature of the site to stinmulate fluid expressio

fluid enhandionty@8odi286rent, 1mai.§raltﬂelh@pm athexeah yom«ssmbodamenis moshthph age at | east
one skin-pierci n el ene h t hat t least o erci n cl enent
ot il at et PRGITRS PR o ] it dforgneont i ibs SRyt v Fofie o
site. In anyapyufidiatc tha sithasBe CAFROSH dTEAEH BHT DYiaNg, A6 siwd WilPSORia8iaRdgsent to
stirnul atc sanpl e ex I’eSSI on froma site, such an ultrasonic clement

typically v4®f°‘h@ 440 480 secppdsqipitally pbput Ad tp §A gecondandanaratyriaily sbaut@olotor; r .
wher e h Q l h

Jrere e A REAHORS B RSB OLERIY Ly AYSL LGSl LA
Concent r at i @re dMNiedt i lowirgs nqnhotlvaimylc emhtnthclmmcscmvcr,hqﬂmlddjsecmr net hods al so

i ncl ude determn nin e co tlono tst.on aly in the
physi ol ogi Cwlg%?tgr l(z'§t %rdpef’gp ﬁldﬁ‘ﬁ?lé 5’3?“1 1%&:‘5" %‘Lef@a’fﬂmgtﬁ‘ﬁlf’e ti
sui tabl e saggkédienishti®. ittaf mmsguaﬂﬁi oﬁ@éﬂ?ﬁ;%nbﬁt cﬁ“é&%?erm(@ (HRRG1.aR ckRGh €d
thercft~otn, the conccniration of at |cast one anal yle of the sanple may be
det er m ned mch@m@mwhgém@pd lighttzthemedrympnictnd rnt suatablo mickoprcessoifior on
met hod, {as e ts of the subject

met hods1 "at h@glg'%mﬁgﬂf ‘Ig Jg’nasl%r0 ;"P HE‘P gt?‘ﬁﬁg”f B %‘Q lgglﬁf”qr](ndar d trnal yte

concentration deBpmynabmkgnmlﬂa,@néranpwhcfsmb|sk1n mﬂlummmcubnghsef fhedighstrip
or the like, which is i |onatv\1q?lpgthe vi ce, re oftenti nes

in c
the test StPFE &g ‘eéF‘i“r@@F?‘y’% 'ﬁ?@a‘ﬁﬁ% tormef e rists MiHreranRses
enbodi nent siARREsHIAVihBStabSrhiien bPafliHr&abphordsNtcan B8N bPhémd NsvifEWece,
the test strip may be |oaded directly into the devi ce before, during or
trfler the Payimigince) desestasl amditkusegensraled bﬂ)healhdtqdﬁtcmMOquﬂsq dofired anBy be
manuf r rgy ur t t evi ce.
Once saérblnpl gﬂﬁcéglﬁaﬁlgp &Qg t%? tcm%&{ﬁélg 1%‘&1? mg)g%d the ‘?Lqm(?fe(i% 85@@ 55'???11 e
reaction areﬁloaﬁndbhemc&iuhtbﬂ,tgmpg atstr@aladeniaehis Rt Thus, of cquatiberptes@ngiandl yse
of interest is determrzﬁlfﬁ fgnrrple may be Ir,mefcrred to a test strip by a
variety of BEEHAM SHRVedifdrEncdiiéh mechani sms include, but arc not |inited
| o, vacuum capillary forces and the like. As will be apparent to one of
skill in 15 the art) a var7et f an I)étg determ nati on net hods nay be
enpl oyed, e.b~,, (18] ect r ochBmi=dal - T m oMenetrie, where both nethods will
be descﬁ bed bel g, d.0r an clcctrochcnical analytc concentration
“detcrrnination assay, an el eclrochcm cal neasuren zeal is made using
reference and \/\D’ll‘]ﬁrcrpgcsehtecha”fmbam ofilightalléwedwa pass thivegRiHe. epldeemis without

cl cctrochc nt that is nade may vary dependi ng on the
particul ar Pbﬁlé“‘ﬁ'feﬁg’d rﬁ@“’érssay and the device with which the

el ect rocheni cal ﬁﬁbomﬁ,tcgé,{?sdh%fﬁﬂ@érpé‘t‘?&htzﬁlo%vcd’t%g ‘?rﬂgh hQBcr‘M]ﬂor}?% t he

assay is coulonetric, anperonelric or “polenlio
el cet r uchent@higenr basuwigmanbeing hbsonted Sy ey letwanzipdi(. couI onmetric), current

(anper :.'ilFt ric) Ty, represents the {raction of light allowed to pass through the dermis to the collagen
layer without being absorbed by deoxyhemoglobin.
Thus, the Beers-Lambert formulation (i.e., the equation representing the principle

that the degree of absorption of light varies exponentially with the thickness of the layer of
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or potential (potcntionttric), usually over a given period of tinme

r follow ng s~rrnple introduction into the reaction area, Methods for mnaking

" the above described cl ectrochernical 25 nmeasurenent arc further described

in US. Patent Nos. 4, 224,12S; 4,545,382; and 5, 2G5, 179; as well as WO
971 18465; 991 49307; the .discl osures of ich arc herein .ncorFrcrrated
by rcFer cncli® ApEgRIng redimits; art‘i?ﬂ%‘mg'f‘t‘% swmﬂ,coaﬁwéq"@&?rcs%@mlca|

measur enent ;ipk. §-gnal is made in the reaction cone of the test strip.

- holl owi nb detection of the el ectrochem cal nmeasurenent or signal generated

in the 30 reaction gone as descri bed above) the anount of the analyze

present in the saogple introd i, Ato fhe rertcti ~oNnc i.S taen det er m ned
by relating the ¥ cctrochc gﬁ‘l?ﬂ%‘{gr’?s‘f E{}Bﬂ\ftf?@ %iﬁﬁﬁﬁplﬁﬁmaﬂnﬂi Plin the
s<~npl c.5 Gener al {WherhOr colorinetric assays, the sanple is allowed io react

with a reagent system e.~~~. ) nmenbers of a signal producing system to
produce a det ect Abtpespntsdbesbsptbance at theadle, Present in stn unounl

proportional to {he initial .amount .present . in the samle, rn_gne.such
System org., i nt AosyS R eBERP bR A ol SpBR e ow il et
concentration of EgbusmeentsticAnfifAle Epiiagiicabspsavelye, the signal producing
systemis an anal yte oxidatjon signal producing systcm 13y analyle

oxi dation si gnal[ﬁ'ﬁbﬁﬁ@lh@okﬁi]%'@ﬁ?‘r%‘oﬁeant that in generating the

det ect e signa I Y, Ak | i S |.&,
derived, the ananﬁ@sﬂg;%?s%gﬁnaéﬁg’ cgsxglhéf;lggﬁﬁgﬂ}ér%zyprg&}‘tyh&lﬁé%{ﬁlﬁe’é%gﬁbﬁvelﬁ
oxi di zed for m of g tdpesamtalhetreolar éxtinetiodoe Fipsn dinfguedor gach OpROEIENQRRI  anount

of hydrogen peroxjde, The hydrogen peroxjde is then enployed, in turn, to
generate the det &eySalvallSeaaRAen g ph opd ‘éfuh?ﬁ%“éalﬂw&%t‘?gﬂ%ﬁﬁ@ﬂﬁﬂé, wher e

th t : ' ' i t
the anmoun tefifl ?ﬁ ﬁllm éeﬁ ) Wﬂ‘ﬁfl g?@%ﬁ?%%ﬁ?x 1pt¥1k1{ngm a%%,}%lﬂ@hbs{a;%ﬁw fl]%gHzZtYO% £m

i,~~, fhe 10 signal, then re e ano ana eln
initial sangbose ishBinatiouonly of thd etedatimiiserhanaduwch that:: . e., signal produced by
t he signal producing system is then determned and related to the anount

of analyze in the initial sanple. O course) any type of eoloritnetric

assay) i.e.) varggus col or \EQh(R,S/ RYSHBMI &% MY be used with the present
i nvention, Tn ti(~32ny enbodi mantsl, he agg\/e descri bed characterization and
relation process@ 15 arc b@Rédrie®bIlLdMlewtEdiat ed device, e.~., a neter,

as is well known in e relevant art. .Representative neters for .

it omat | cal |y pr4EEeS g B andits aNERpRRSar aSud o Bl T dbpliehi ng
U.S. Appli Czﬂfsbm&nﬁﬁrcklﬂliné\lﬁﬁmlﬁﬁioﬁ%ﬁiﬂ&ﬁbc@&ﬁé&ﬁmﬁﬁgﬂ 09/ 4y7, 269; 09/ 73G, 788
and 09/746,11G and U.S. Yatcnt s. 4,734,36U; 4,900, 6G5; 4,935, 346;
5,059, 384: 5 304, 4G8; 5,306, Q3; 5,418, 142; 5,4?G 032; 5, S15, 170;

5 52G 120° 5. 563,042 5. 62 A 420 3.452° 5 780, 304:
5. 789 2S5 5,843“,53191; 5,84@?&@_;(:??&3&%@&"5’# ”é@%’é‘:}zgm the discl osures
of which are her&gi#in] Rgak prrsigrabirebyl védtethe peloddEtidd ThusStdAshisinimer ' i zcd

about) the jnyention provides devices for determning a suitable silo 25
for sanpli tw‘zswgﬁ? Siebtf; ¢ sife having; sybstpialiypo §¥°° rH@.wo EC5 P &\ WReTP RESSBHE at i on

cl ement and{ i@ s Spbiydd I IndLii 4 vilges nmay
a1 50 1 el e e R o B ARIE ST

t he apptopribsbrbagemngiici tademipglobiarmilyoranibe ceteduinad by fiest delemeinin g5 fron @puetion

means for determnin he presence an r concentration of at |east on
nalyte i n B PhPS ey BE SRENERA R fROF B pPbeda R Srpsumarn, ShE
appropr i at ejhgasslvinggosRerfogdlébin h@s §1EYuaGdn SIBMMERS, froMdnhd/SRohdiofdeg | ocuti on
of suitable physiological fluid santpling sibs tmv;trictttwrirGts ctf

the body, iWeuiRIMHYGWheterhlogtbyay natpredentedlromralaringgeasitc. arns, | egs,
ear| obes, heels, T\E Sdh, siﬂ&sfﬁcﬂ%‘i‘a&‘éc?ﬁiicéitolhrcb%i]ﬂenﬁsfmbjgﬂgtﬁ0x5} gﬁyéeg?&&%leg evi ces

find use in the location ~tnc on of a var

physi ol 3gi climemolph es, knokarfer slwhvadengpisds tlienddibidend bedr in[2#cd runpe (se@for

limted to) interstitial fl ui | ood, bl ood acti o and constjtuents

t her eof aa] ﬂmpic é-r E}e Vin /(sscnﬂ%?ft, bljjaccrrophommeny o}ilemoglong% IJer'tq’ati ves, Charles
Thomas, pub., 1970), oxy and deoxygenated hemoglobin can both be determined by using

morce than one wavelength, Accordingly:
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As descri bed above, the subject invention includes at |east one site flow
characterization clenent and/or at |east one sanple type characterization
elenent, where one S or both Iyres of the elements may be integrated into a

housi ng or may otherwi se be a single unit, i.c.) un integrated device,
usually wth at I east one Skl i er Ci n& clenent and/or test st ri}). ‘rh
unit, i.e., the®bousing, tol)r'e@vzflﬂ%th)(\ﬁﬂdéﬁlmi/rﬁﬁatw Egé2)

ol yet hyi ene. pofyacryoni ?Ptﬁ*@“ %fy@&ﬁneﬁot L8 et e) e uni ¢ may

be re-usable or S%bﬂﬁﬂp@s V&R 2 ﬂe(aretaﬁ WIQERhAHs | 8ind @trﬁﬂgtﬁg tﬂecsutaﬁcﬁﬁahba/s tgel d by
the user, i.e., a hand-held device, and as such is sufficiently conpact to

enabl e por chir¢terize laﬁélb@aslébmfo’f@wtcnmlwpdhnglldyt?lettglﬁﬁ dﬂ@tyglcntjy thrayn baksdoa
nunber pf diff n
funcii o%abl 1% %lgp r{‘%(énqggamtg’% nggmgﬁ’am " %SJ& g‘hgé’%qt §%}ylclhf’§/cnatﬂ&”§?aspl ng

by the usel’cqm@an&hﬂﬂmﬁlo[’tgogmxam popgblepri ate s~ttnpli ng site area, such as
a surface area of the . .For exanpl e, the shape y be 1 S substantially
irrcbul ar or mayd C&@@u‘?@ ﬂg[mgglgmmtgp F%}’JWEQWF‘H’B EHHgBh%%Fé‘FF’{ié‘e&mglObm of a

paral | el ogrg ihid % ape,
the unit an m&é@?@@?@ﬁ gl%ﬁ; tlslg%lé ?%gﬁhwﬁa jﬁgckégﬂﬂ{tql n t gé zrltl;isﬁﬁmﬁ rom
about 1 tooﬂﬂtclmhnestelal&umlHemotgh)bhhmreamgp]efth@.{bsaxtbametE]dtcd tdﬁtclmﬁfmsi (haerd

s nsudly g EnicP ol o e AsB vevclendhermodiAha B GRANT P et he T ange.

from about béékgPouhd Fgmal {ste@egand more usually in the range fromabout U 5
to 3 inches. e height is usually in the range fromabout O to 10
i nches, usual | y Merctspesifiealiyewavclongths ofilighe. a2c ehpsen suab thag thenmolaextinidaral |y i n

Lual ?SQ?J b AREUaIea? obh B b B30 iR e Ebir® e e PRl RS, e
range fromvalelktigills tHosts, i.,pe oieimolap Uk irclloNDSIIliSiaigded §p heSthck Rarabout 2
pounds. The proxi mal end 25 of | hc, devi c., the end of the device

whi ch 13 | §xdndioa cgpificiont E?FStdBWGrWf"’rfea‘i‘ﬁi’éh‘?labtiﬁtnab‘t“ GRctiiFien dolasiof owpand i n
use, typi C@Lt»b’ygkﬁ'ﬁé&'ﬂ&ﬁo@olﬂﬁ%‘d mkvnqt hd £ ThHU 88 &etaﬂ%b e b%xt tdund s Hta' ly
has a di aneter 1 ess than about 5 linmeters, and 1I's In tgange

about 1 |0 ‘e prtentiat ﬁt@tl@ﬁ@nptamdlyﬁob%ammﬁyo@lltlcspdlomctthce blc@dgetcfnpomnﬁbout 1 |o

§| g‘p: g;”ﬁﬁ %g%rtantmﬁg'st%a#&'%] prEkf(%Pt’cdsfggﬁs & tért'rtsg{ e Siee ? rc? R@ btyé)rcsbxglg sﬂ‘i’t %)

and nost i Bitharg. aﬁ}tlbtyésntge@tdppl‘ymgl px&sutc\wchéﬁ&}fen&rc?df&l& devict Wetcpidbe baAb@ lo t he
concen&r ation of an be di spl aye means _such as | i dui ~i

cryst ab0di 44 Juplace a%lia.sbnww w&gf% 2§19 sulsifﬂaﬁathhsten blqad flay lade sie. In
conveyed bypiglhRhaREORE isGubitstify %vdt'cﬂ] b{) q{cm%'n R dndd! tht\scaq'? %R\Jrg € Wi Iﬂ)@
enbodi ments, an”audi o neans may ~~l so be pres@nt In or on evice for
audi bly co mueymng Lo bdcsgroand onthp @bsaleangs ef varioRSchr omdﬂlncu eoaalhd site sutteassubj ect

device may incl.u po ror nual | t| n e.device, |.
SI TE ~' GOWP W'“%E’Rﬁ“'%&‘\gf tié%t??tegg‘d’“h% “°Fﬂ“%¢é‘r&° H@%sgouaﬁ Vile
subj ect i nygemth ddierrhined bayddiupen thaobuﬂ;ecs,satbcb@é}ﬁzttxoﬁmypﬁw@ thdﬂvt(uc.tuy Morg
characteri zation_ el enent whi ch characterises | ow of otential site,

i.e., the FPHIgulyethe sispal dstsctsd hyfsuqltabd%@m@niﬂetwuém@amt@ is gpmguitsisds or
conponent s o) I

par 1 cul ar ‘SRPRRRE P ekl AT DL kB I BEAGE AL AT opBr o
be descbed thdﬂtbA "1l'emmerattcre Charcteteri zati r~n El enent In certain
enbodi nents) th | ow C eri at| on el e ydes an cl enent capabl e
of characterii, %RQOWHE 'S‘éhffgﬁg ée”tgf”gaﬂ% 1&2 Jsﬁ’tee“ Sq‘BP‘f@féQﬂl‘iﬁIﬂb‘ he gite

t enper at ur g akt:remaets,ic&ﬁcﬁ@nﬁgﬁ oB L WifiSredt tvwerléngﬁ@ltmcﬁa@t tht:@%e,' H&R Ry be
enpl oyed, where such 1S thefnocouples <~rc known'in

t enper 80 ur avaypiensthe snee)iofs sugh plabihereds a drgg itndaw@pttlicmlta of thotchmtcuoherrent s
used to chapasti.el N ! RBC & Jhati.crn
el ement desé‘?‘?]be(rqhtz)@l%%v&(%gor%e&%ﬂg' ﬁtwﬁth? 3Er9ﬂ%e I(r:'hg%%ct e?‘%ﬁs@ﬁﬁ‘gﬁ ﬁlé‘ﬁ‘é

ace capabl ehofarioak nmﬁoﬂdnt/sadfétdnﬁglobh&mﬁaoﬁctofmtdbd fremeand alov8dsscribed. ., @
tenperature elenent is c;~p %etl’fg of b?li,lyng activ d at. the same or different
time as a ICHE)‘HtO"Ei’éteecFﬂPH&f"él A typicglly auiematics t’ Wﬁ@?“a"t(’ﬂ‘i‘)ée‘ép'e*ﬁﬂ%mthc t he
present i nygatd, iothsr RBRIsYEXyE ket HeRRBRY <at Bdl 'ure of
the silo, whore StDJchra tgrrpeyrgature ?g’%anﬁ} nd? t@r?‘on o?ﬂ ?Eﬁ”b ow c aract er
of the site. In other wards, the tenperaturLg.of the skin increases as bl ood
fl ow increases due to factors such as the velocity of the flow of fluid at
tlae rile. Accordingly, the tenperature sensor is c;~ipable of neasuring
infrared radiation or 25 tenperatures in the range fromabout 0 to 100C,
usuaIIy from about 10 to 75C and nor e usuaIIy from about 10 to 50C
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RBC flux characterization, e.g,, Doppler flowrelers) adaptable for use with
‘ the present, 15 invention includtr, but are not limted to, t7owretcr

nmodel s Lb-5U00 and LD- (000 manufactured by Medpacific of Seallle, WA

fl omm7eter n~odel S PF3 , and nodels PN2 rind PF3 rnanufacturcd by Perined

of Stockholm Sweden. The; RBC characgterization ¢l enent be op ratively
associ at ed Wmaglebinhe é‘im(?f)ﬂ'@(?&%"@ﬁtc ﬁ%?cqxﬁée"éﬁﬁthF@P&Sbm DEEPPP% ét‘bh’%gram

that is ca | ae
RBC char actaty uftd. RAQERAGH £deiBinfifdlonh e e chiipied o SHRIAGARN o ol
of the si tevaﬂlasseldh tipon tothlchemeaibiredhlicndlvg iathems globinrretfid esdtIe,d cl agitio it may

al so hcrfon ess conmp such a ch teri.zation

val ue or g%%&’%{’ %F%&“?ICUQ"@@EC fso&&gﬁ?“é‘g%%aeﬁﬁﬁﬁ&'a"@ 8Pfte or to
RBC charsactﬂnﬁ@aicu ﬂfbrﬂ@lmvme ¥tbw i fpe dehepinfibdSialuePs dednbled «SAMREE TYI

Cf 1 ARAC?' F. RI 7, AT70N, FLEMEN?' AS nenti oned above, the subject devices may
al s0 i ncl udkesnaghebinPalnerks ruied abiove, altomati vy, theavalics mayrhecompatsd e atisat Lested
whc>' e such.an cl acter|2|nb a site as either
primarily osr”"b8%Chqg‘§ﬁf‘§/i’?si§?cgaﬂ‘%}gitg?sfg%gcldl 5% (2) venous or (3)

interstitial fl ureferrpchghipne Fidrespeca slfelmabéaﬁ dh&ramrehmh{smoan%wnaai grizing
the type of sanple at a site as either %(marll or gcncrrtl
1

rtrtcria)l curtpen dolerminatipp fegsedipg tqr'ﬂbemgglp nagvet will epa lazc\hatdv@ﬂgmw ofthenent s
may be e Q f I i

ol oront Y i Oy SHhE S SN AR AT R D) B B e 1) SrnbRmBASTI ),
char act er i zolngsduimuici be. orhtdrshﬂm};ﬂmd (loastotal Hb) (ﬁawf bgude b Onbedhscwlagroaveesus

detail. -2 Xse aracterizati £ u ch cterization
hement 1 o aberaiiah AR o SRERARELE nd Risr BBt S FrRrinkd TS peR BB & Bl se
charact eri ZafolRUeri7BY ado&mga@%ﬁatm rloPfor @pattidult @@ﬁnfr Fi k18, nﬁ@mal Wortly,pe 5
characterization elenents, as described herein. here the pul se

char act er i Zathedrriequinrdent raqyirpsingeagiitial Bwidy the B@W@Fﬂl é4TE]P|lﬁlﬁ site Wil bc drtermined may
be capahl e (qf S e ically,
ol erant SosAPpBReILAELaH RinoslipirialEl: Mandlo b LhCIRPebiinga 1 32 %
| east one |daphblc 9bepressirgdaletseitiolfflddi Siteiapproprigthiicss willibd ﬂg{;cﬂl@cmahgmﬂ[crslbuagl e
wavel engt h Ilg‘gt 14 at << wavelength from about 400 to 120 nm) wusually
front about? to 80~ nmsuch as a laser as is commonly known in the att,

and a sensor, tm't}ﬁadxﬂa)ha@b&ﬁu%%é‘t@fglzéﬂeﬁ%Q%n@hgﬂ‘ﬁo@@&&&rdﬁrpgtoqﬁ‘é &hbbng the
intensity ~f light reflected fromthe RBCs. l'i ght source may include

one or nor edes¢ripdimetheds; p FpOAHb aatio(qamthien by dp@@émedwdw sughjajrgif crapicst er) a
bi | d
al :g?ncéfgf: dud nl‘"(;[chi?xzatlc% %ﬁte%?gqgr% a%ﬁ‘m[% 1‘&“@3?%[19‘?% o?i'irgélfc gr})mh?gq{ ode,

pEot og| ode, llaw phovemue ¢ity oftFigee a). ﬂeotheawgdnl&ltwﬁliuet}mmhgra rsluﬁm;asl mbhnm&l@band
phot odetectqr) a sen con r the_like I source an

det ect or ma‘%)g% RRnCSRiT! (%g-fb(ﬁ? gﬁ&l‘?&&ﬁ”ﬁ(?ff"hém’é 9@‘%&6??%%\3&%’*"&# S
trsccl for IBﬁinSNQﬁ' @ﬁﬁsﬂn?ﬁﬁ& I&nconkéﬁﬁﬂbﬁﬁf HEOQ@WE‘?E Frid?éa iVe LF‘l'én?m §tcpul se

characterization errents e.g. pp | owret ers, ad ap tab or use with
t he pr esentSlﬂl@lflmlmnthmvgﬂ@nd@mmr qintwmnﬁddduseddmnahﬁtaimmzé@acohcd crq@hum, hut

| h db
2L Sond 2 L By Bh AU Bl RS bl SRR R Ak 0 b
manuf act ur esbnpardetol anEredetdrmBicdalseol-off vavesieh thdt 3'rivo vibhshovh ogpéd@drimaiddon

el enent may he operatively nmay be associated with a
value is designated as a high ratio value and a ratio value below the predetermined value is

designaled as a low ratio value. As noted above, altcrnatively, the values may be compared
to other tested sites such that the best sitc among those tested is chosen, Once

30  arlerial/capillary versus venous is determined, the site is then further characierized as being
appropriate or not for a particular test (7 of Figure 1). In other words, if the particular test
requires arlerial/capillary sample, the potenlial sumpling site will be determined to be
appropriate il the HbO/Hb ratio is found o be high, thus it is determined to be capable of

expressing substantially avterial/capillary sample, particularly high flow arterial/capillary
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m croprocessor under the control of a software programthat is capable ~f
processing signal 25 fromthe site and determ ning the pul se or detennining
a magni tude associated with the pulse, or a statistically rel evant val ue
thereof, of the site based upon the nmeasured intensities of the reflected
light and may also per~ ormthe steps necessary to, cgnpare such ul se
value to a 55‘?’8%%@WFH?rnlfth/%ﬁr@‘J@lﬁrtc &%UF%@“V@%E?I%&W‘?"&‘dgm{@gf‘gEI”CSi tes.
8UN, ti er%n'b%%f@mﬂza&ﬁs&% 6 M 1l BROARYarid 1t 1664d B lofRadk fent s of

t he subject 1 nvention) the sdnple type chsracl.erization elenment includes a
henogl obi n deteamareties be atjable of lcrpressingeapsthdtelly ventes eamploj pegtidubely high flow

characteristic of h | obin of a site. |n particular, the henoglobin
har act or | SanuyPsePlsAe ebpgpriiteress wiffe deiordieasm BaF ferhiLBORE T ot o
henogl oki n | evelpQdesttoash deradREbWY, ind@hatitin} thouthdiemifou for AEmepBEIANat ed

henogl obi n to deoxygenat ed hermglldobl n or the HbO--Tb ratio. The henpgl obin
char act er i zhniagtgristteomewhether Qi i pr tplad hespglplia, lighs paitsecs syupersd-EY e nlasen

optics el engnt..contai A ; i LCe . east one
oP e ForBHRcEL A b AR Sl AR B, A5l

bi spectral &fftichewavelendthd| esshelivhizh rapet from, abantptdoto €200 trer A photBiatadi ode,

a sem conductor die, laser, or, the |ike, ang_!c( 2) gl | ease on ~; detector
capabl e of desatuhe Absorbegightandshpamowy of frehdemeglopineompope canfen iy | i ght
transmypt e 1B i sour ce
IS foeulg)c: gl,cwgﬁ?%ag{? (%gtir}l: g%gﬁc%bgggh%eiyﬁggg@\eﬂl égs@d‘glﬁrelg"rg’r}]‘tk Leigﬁ%ho
measur abl e absabbmdes ate thémreddtas] toghe-partiapddrthageglobinrpompondtdt) Mpre. payljculoinkyr @

sui tabl e defectors. incl t. enot limted t,.l t ane, of.the
ol | owi ng: S5k e Die et b35e gFbtn] Gl comeBhll b Was ach B8 BheclBRL R acked
sem conductlowlirgay B uscheo prabtece thssubficeshctbauias shietgktic dolec aBs iaidicddy ect or s
are corntnonly known in the art, where exanpl es of suifa l e | ight sources
and det ect d-‘r}@f%wpkmv@emau%%owomsqrn@fgmgg@ r theGpBEp] ot SORRMAIFRIOR B o

di scl oged i o , . : ' sures of
whi ch g}ge hsgggﬂﬁlt ‘l%ql{"%c rr%?sgtr gtf% ﬁ%"?@&@@ﬂ?@?@%?’@ﬁﬂi?ﬁ? ﬂjéﬁg!t)rgl east one
| T ght sour aecefsanyab abirn@tnzerthnhonogiehie bEthgiste aridsdlsa duixtrimgn, the appropréidtericernst
one LED or laser, will be capable of irradiating a prospective sanmpling

o Ce with A esie Shneaiyar BRotar Koyl (i mtarrote Balls Rl Er SR Real
rangi ng fr ogntrdesthputiont 8d/r ethpalidordtiiesss i télgdteridinddig gbh @, dsRyhERtddS

used and nore than one wavel ength is t-equircd) Ihc one 20 |ight source
wi Il be capHeios pl hnmepalebimyalass. simentipred sbgre. thetabris-deseribed rmptbods, the total
wavel engl h. d'»?xﬁi' . ib fali Hay L ¥bmBarkd d ih&PRlud HnB beSHed
l'i ght s@’gur c}(;lacfén\}ﬁ Ilﬁgﬁetbgiggg(gﬁ{eb SP ﬁ gnsm’ f‘?? nglﬁ%telgﬁmgl ffeur ent Hboe
wavel engt hsasei comgravisen agalisyober wilues ftoametbersespedaiiteh tar desgrmine tho bestsite ot her .

The at |east one, |ight. source and/pr..the,associ at det ect or.s) . be
posi ¢1 oned okt BB B S R Al erap TR SHEHE R R BB inon o
the | aousi ngay Be 1 QBRI XorThstdhddB, dtier@impR tficldhaiaceadiRBtmathddy. t he skin of
the user. Yn other words, the |ight sources) and/or dclector(s) may be
| ocat ed near t helngea&in AT embpdingcatsef theswbigehmetaodshberacmlebin chagteriation
source(s) - andy bORARNGELRS Yo R RR QBLcHbONEo ! BRIERcbel by BEAYI ce as
wel | . e henbg ocf:)l n ehar~etcri zation el enent may be operatively associ at ed
with a m crofthodeseof punidear wseeviconthe phthdéngthssiod mebamén gomognteatiohhat i s
capabl e of ocessi Ng_si | 3(1 fromthe; sil rnci_ch.le: rmnin | ~rl
hongl obi - oL OHAETA s HpBNET o Al oot Gigriirate [ Ritac e et Bl IfPeliPin he
HoU Hb rat i @nctriofilofthpdichalslty. rel evant val ue thereof, of the site 1>ascd
upon the neasured absorbances of the |ight and ma?/ al so be operativel

°p

associ ated with /828 byermyef bprkgeawdi s g nimboref wayelepgihs eiolian §O6-Ae522 555,
NEcessayyy t%ft%ﬁ%%eH§5%d@$gL % dﬁxnﬁ?’nl\ed;fﬁscxhﬁct?on'%ﬁgﬂgeﬁ[smf'ﬁﬂ ig" l%nl;rl’éﬁrcﬂrat to

henogl obi n Vval ues o0f “various tested si
any of the wavelengths where HbO and Hb have the same molar extinction coefficicnts, the

magnitude of Ry will increase or decrease as tolal hemoglobin decreases or increases,
respectively, based on the principle that C is substantially constant from site (o site. Thus, in

certain embodiments, total hemoglobin can be determined using the following cquation:
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- -29, flh IVlea,vurernent Processing Conr~onents The device al so includes
associ ated el ectronics for processing the neasurenents or signals produced
by the site flow characterization clenent and/or the sanple type 5
characterization el ement and/or may be used to autonmatically determ ne the
concentration of an analytc in the sanple, as described bel ow, Por exanple,
i n many enbodinents the device may also includes a crtrrcnt to voltage

converter unit an anal t i ver u | ectronics
are known in th Furtlﬂg{ _(":1-29 'ﬁﬂbgﬁ&p% ‘WT’GQ@@"‘% E’B%Er ocessor
wor ki ng under the coruq:.qllpqém@ @Q,)agmu(yqa.y; pppogram where such a softwa~~e
pro~,ramcontains the entire code necessary for the mcroprocessor to
performall of tHuwstkesKds patedlpremipdingnd 1t¥ngd‘@e veavglength frsadigles biitcowbersor
cont ai ng al of a

sanpl i né S|stugll‘ gﬁéﬁ e&ggcﬁiséln h(agngﬁtﬂg?ﬁbr”dogt“m?m §i‘i‘{olm%%er&/)\r/‘vor ds, the
program cod@c(ficiénneT hﬁli'b"swbm&:eloﬁ siighalag et l‘]ﬁemd:frmpnb&'&&md ll‘tetlotahhbmog)bﬁm al |

t he steps whi ch are necess or it to deter e one or, nore
site s functilgnute isdeipmiscd hise & Vi thriasE Ererised Gunim, wbercsqficatlm%@Fa?lak he
sanpl e t ypq\c%&ﬁ@&ﬁ E6ricehdfiioh id déemmedtutb%aufcm?y 13,! 4 BidrBbidSorPVop@Br i 1y

arterial/capillary, venous or interstitial , the "appropriateness of
the site fqrn\rlact@abt, lighd faom s dight sonesaduehias wdﬁdbrhaspm:pdm oothcéﬁeqlmhalc&ynwa

activatithg VHEBRGR o8 vITRRR ok, SERFDAPS eGP RS BB TRO B i st ce

rrxay furth@mcl Thé ssberinéc dradsial OMAe Sl iD dRtREEHNYslablERRbiodeledor oaheBRE e
or the like, for accessing and withdrawing or collecting the targeted

sanpl e fl ui Whergsecheabsobarge iprebteddonbaioky BEROZIoRIN Myighe! lhw%@na% i at ed
with an act e ual I'y
R R e L S A b
However, t hs et fdregsiticihe tsskﬂmoﬁueewordngoe@elnm}ﬂ ifithy partitgar e rapyrabl e of

bei n a ed, a ly. esent a anc eI emen a | e

Poros 38 Ut ST e SPlco ki rRTE SRRl bt e el i Preprine Y B R oo

di scl osed 'Kbn‘}éggﬁ)blﬂ?@fft@l@tfodn\d(lﬁbe%ﬂ%ﬂdﬂ%&ateﬂstﬁ@@d&&ﬁsmoﬂ 18 b4 céphble o, 318, 54,

5,3GG 469; 5,3 388; 439, 473; 5,454,828 5,540, 709) 6,197,040; C, 071, 294;

6, 045) 567 oamcsans%cwm fhuics Sife apprpRraienesowillig doscritied ihareatendaliit belpwr at ed

by ~0 refere: nccﬂ_ ){@Wg& P%gdm{e!ﬂ?olp ﬁnL&Seclﬁ]et%g'{]q%ex?xbél%’iq cﬁ%&kﬂ ion ma
eScan, e

manuf act ured by ire a adapt a use wt e preésent
i nvention, Bdhderived hem:sdmg;tneths kietholts desciibgl telewpritcranhy bélawt desriticd oicticels a

L B G oRRE BL B Bk e AP " o

transporti rtgan@rahuﬂr&nans tcﬁﬁwimb)’t it Besirable n@cHaractsdle a herhbgloBin rhig®stt a piiential
skin-piercing el ement may also include one or nore fluid enhancing el ements

for stimul a%’?cn@gtvﬁ'é’oéﬁbductl on or expression of physiological fluid from
the site. For ex i d
w sh the pr esentﬁglgi;sgx uggulél'r Qﬁ)ﬁ&dﬂlﬁl@hﬁ m%cm@mgﬁge gﬁ?{]ﬁBlﬁrﬁlé?tﬁ?‘%ﬁf)%n}?rﬁ of
t he devi ce, alwher waslaiyily thwi tsrodtenmglobevipeeics suve solzstmiibldy dlficrmbcxlmrlmmg al a
fre ue in e ran of abo 10 .t.a 10 , T nts t he
o harkeH e En g Ry Rer heBoe P Rn SRR E SRR GO RO Birdees st hor

t7uid sti mlé)@in'cﬁﬁh Sl ENEBILS. For ok #RNE, saflaH € w3t (s wiftrd 60 2R ElbiHAGe
tenperature of the site to slitrulate fluid expression. 10 Y Test ‘trips

The devi ce tweytantalbicifiersat exinpéangoplicinntsgnpluden glear@eotdp@mqaitrpmly4bfséééa at ed
tit- in COtﬂﬂPﬂl [Mely t

test strips, e. éﬁﬁ"t()q uc’I\oﬂéleﬂr%h’zaisggngcq‘Tngnﬁ%I a%c?fil!q n%rrg:ﬂ%ﬂ@ew cg‘g{ thgfchd‘l(gﬁ1
subj ect net woddengtnmapbe B&iecﬂcd feaih tisdt auopsdmnbmﬁpam veavefenibis 8g(HapHUOdNd
directl |nf devi ce, t he sent devjce s conf i gur 5 rc;
cel ve ' LBt NGaE s Bha it bR A G R P e b R SIS ool
sanmple is e@ﬂch@ﬁ&ﬁﬂ’c WA e Bai R habd! o@até &48 BhiwkEPihe BV6 kvﬁseh%kﬂu‘isabé euqf or
use with the subject invention inclu (hose described in copending U.S.
Appl i cat i onotSeinpighscrgstweontlgdgstzod %0@911 2avelgmhs, 8 RIgT docsscOl wes, (heGrdnd

09/ 746, 116, d. 9, 255

di scl osuresmcé)h?lg \/\5}1{'I dsﬁ“‘?f?cé’%pg g?gucphtg 35?% dﬁ%’gﬁ ?eséglgﬁ%%w \ﬁ%wa]y ?lcqgﬂ&e

el Tl bodi menii Mbfease B che himeglobinl eBipofint icrrab® and wilp dedsekiseas fhelotheyV 1 1 1 t he
device, an elerrtcnt for automatically determ ning the concentration of an
analyte in a physiological sinple may al so #8 included in the device, where
such automatic elenents, e, b~., automatic neters) arc well known in the
art. Exanples of such automatic el enments adaptable for use with the present
i nvention inc¢lude those described in U S. Patent Nos, 4,734,3Q),; 4,900, 66G
25 4, 935, 34G S, 059 394 5, 304, 4&; 5, 306, &3; 5, 418 142 5, 4ZG 032
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30 Referring now to the drawi ngs, Figure 3 provides a representation of an
exenpl ary device of the .gubjcct invention showng; tt cut-ttway view of

the proximrtl portion of the device. iFigurc 3 shows device 2 nmado-up of an
oui cr housing 18, which includes a visual display or liquid crystal display

4 for displa results to, a use t he .devi ce (as.nmentioned cj bove,
A L NG T R g I S e e it I
addi tion t%wéﬂ:%th%hn% Hbélx'ﬁcréa)éesdu%m: BY8E0e 1A MRS, Het¥deiBhe QFd waéﬁ-.né@m ,
where t he proxi orifice of the device 2 i's in comunication with, or is
in close Pvoliimdressetand anHbaleeraases, thkdiffe@nconndntR.aenfwoinehe 6¥0 Wheﬂ@'rg@)su mal
portion 8 ofl the device 2 reveals the inner conponents of the subject

devi ce. Acéﬂ}éh 6‘?; device 2 includes flow characterization elenent 12
sanpl e ype chamasicaptsifiéd BNfrémaqBitionlFabol€ el Béd ot tveeRailcnbihsand

m croprocessor G Figure 4 provides a representation of an exenplary
proxinmal portion of the subject device, showing a cut-away view of the

Phe dovi co 301 showlUomuPe2t FrOuERepshilFMlens " or "tovi co 30 1 nc:l udes.
a flow characterization C'lﬁgmﬂh-(ﬂz—d{flﬁ[ﬂb@]mﬁhﬁf@ﬁﬂﬂb Wxjcharacteriz, ;tion

clement 22 10 and a sanp at' aeterixation elenent v, ~hich includes
| aser di ode ZU &AM 3aser dnﬂtla)ﬁln(Rnd: d6% e€3 Grls {THDIERG. eubos) #HEb)(Einel uded
in this enbodinent is ehbleast one skin-piercing clenent 24, operatively
associ dfed with spri fgratechani sm 26. Devi ce 30 includes reagent test strip
28, where test aﬁﬂﬁynlhﬁ) bt l. 2Of
the at |cnst onzﬁh;'ﬁ:qn- I'ercing ZPeOCn@n 4 ?&B(;?Qg‘#g&ﬁ lﬂgfdtgo%ngﬁgt{%elwﬁbs

el ongat ed rae l[)EbOn mcrcmscs,farr[Hh}Sd@Ir@mnFm dxamplegif thdnmﬂnctsmrq:dcfﬁdmt df Hp@ it o t he
test strip 2 It e aren howev stri may be
separate f P T N W%}%M SChbpe Dptieion mcﬁ%leﬁ@wﬁ&lcwt
KITS Al so Rigyfedsa 1bemﬁ ueveabgtﬁgtmbmmn& Uit dhe b¥twesn fhelsighsR a d), (REacticing
the subject 20 néthods. The Kits of the su bj ect inventiomnm incl ude at | east
one sub Pectdﬂde‘vm:céoctwm\eﬂ@tmathal deavdengtingl inereascatihe wiigof BiRe thilthwwill
characteri L I | Zi the fl. nti al

Phys ol ogi @R Gntedhm e e Ellof of el oht i OGS

char acl er i icah¢amtratidbreivgrifofmed fint, euchi thatrihis minehddycﬁehmﬁclﬁﬂmhglﬁcbmﬁlmmm $& of
the site. Otentipes the kits of the ect inventjon. incl a pluyrality
of such: dePHEEnediRa ki g B b adli b ESheen o, ket werdiiherishaiiee

I ancing cl Q@ﬁﬂlﬂoméélolﬂ]ﬁfcoﬁéchﬁﬁ’ﬂjdh dff&egﬁ@alﬁerchw &léuﬁ!ﬁloﬁeéﬁaﬁ@tcu'ﬂhr tmﬁj/mr e,
the kit may also include a reusable ~r osable neter, if not al r eady

i nt egr @0ed ritigsshohld tepeifouned drma snedatyuiget Stu gantislly highdotehhdreogiebinli s posabl e

t est Str'p%oHﬁzﬂwrﬁﬁh the subject invention, Certain kits may include
various types of test strips, e.g., where various test strips ccntain the
sanme or differerSpctigiagéntpolentiabsite isilleminaraheih cad wavetdn@ths dnotwakglhitr i o
test strips. Finally, tgg_go Kits may Bmiltter i111C111dL ;118t1'LICtICnS
for using tsﬁlércghb’f}l?& SU§B iEREUTSF "Béf’& CiPnR QT HOEHELHME O prass @F“d@w
fluid sutnBkd "lﬂc%"{fv@lcﬁ@rﬁé e ch@ichQ&Pt'hatnfh@ hﬁ%rrck'ﬁ’nc@lgﬁ%smlﬁﬁm ®adbf 18bo ag@Sh
one analyte in a physiological sanple. e Instructions may be printe

a substSat d]b smcdhiffasmﬁmpwwdhc Mcawavcdnn"éwm,c A oscighes uphbe othert gags tlownsasmay

be present jn th age insert, -32 . i the | ~~heli of the
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particular test.

1V, Skin Piercing
Oncce an appropriate site has been determined, sample is then accessed and colfected

(steps & and 9 of Figurc 1), Typically, sample is collected from the dermis and epidermis, In
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/. Analyte Conceniration Determination

Many embodiments of the subject methods also include determining the

concentration of at least one analyte in the physiological sample (step 10 of Figure 1). As
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1096& }-! Jcl%@tg,‘ a(Vai cefqg‘%l"ﬁ_ly%/ detehfination methods may be employed, e.g., electrochemical

and colorimetric, where both methods will be described below.

TFor an clectrochemical analyte concentration determination assay, an electrochemical
measurement i$ made using reference and working electrodes, as is known in the art. The
clectrochemical measurement that is made may vary depending on the particular nature of

20 the assay and the device wilh which the electrochemical test strip is employed, e.g.,
depending on whether the assay is coulometric, ampcrometric or potentiomelric, Generally,
the electrochemical measurement will measure charge (coulometric), current (amperometric)
ot potential (potentiometric), usually over a given period of time following sample
introduction into the reaclion arca. Methods for making the above described clectrochemical

25  measurcment are further described in U.S. Patent Nos. 4,224,125; 4,545,382; and 5,266,179;
as well as WO 97/18465; WO 99/49307, the disclosures of which arc herein incorporated by
rcference. Regardless of the type of measurement, an electrochemicul measurement or signal
is made in the rcaction zone of the test strip.

I'ollowing detection of the electrochemical mcasurcment or signal generated in the

30  reaction zone as described above, the amount of the analyte present in the sample introduced
into the renction zone is then determined by relating the clectrochemical signal to the amount
of analyte in the samplc.

Generally, for colorimetric assays, the sample is allowed 1o react with a reagent

system, e.g., members of a signal producing system, to produce a detectable product that is
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where the amount of detectable product gencrated by the signal measuring system, i.¢, the
10 signal, is then related Lo the amount of analyle in the initial sample, The amount of
dctectable product, i.e., signal produced by the signal producing system, is then determined
and related to the amount of analyle in the jnitial sample. Of course, any type of colorimetric
assay, 1.c., various colorimetric chemistrics, may be used with the present invention.,
In many embodiments, the above described characterization and relation proccsses
15 are performed by an automated device, e.g., a meter, as is well known in the relevant art.
Representative mcters for automatically practicing these steps are further described in
copending U.S. Application Serial Nos. 09/333,793; 09/497,304; 09/497,269; 09/736,788
and 09/746,116, and U.S. Patcnt Nos. 4,734,360; 4,900,666; 4,935,346, 5,059,394,
5,304,468; 5,306,623; 5,418,142, 5,426,032; 5,515,170; 5,526,120; 5,563,042; 5,620,863;
20 5,753,429, 5,573,452, 5,780,304, 5,789,255, 5,843,691, 5,846,486; 5,968,836 and

5,972,294 the disclosures of which are herein incorporated by reference,

DEVICES
As summarized above, the invention provides devices for determining a suitable site
25  [or sampling physiological fluid, by way of a site flow characterization clement and/or a
samplc typc characterization clement. The devices may also include at least onc skin-
picrcing element for piercing the skin at the appropriatc sampling sile and/or include an
opcratively associatcd mecans for determining the presence and/or concentration of at Jeast
onc analyie in a physiological sample extracted or expressed from the appropriate sumpling
30  site. The subject devices find use in the Jocation of suitable physiological fluid sampling
sites on various areas of the hody, including, but not limited to, the fingers, arms, legs,
carlobes, heels, leet, nose and toes. Furthermare, the subject devices find use in the location

and collection of a wide variety of physiological samples, where such samples include, but
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polycarbonatc, and the like. The unit may be re-usable or single use.

10 The housing is intended to be casily held by the uscr, i.e., a hand-held device, and as
such is sufticiently compact to cnable portability and ease-of-use. Accordingly, the housing
may take a number of diffcrent shapes, as long as the shape cnables the functionability of the
device, e.g., facilitates portability and grasping by the user and positioning on an appropriatc
sampling site area, such as a surface arca of the skin. For example, the shape may be

15  substantially irrcgular or may assume a substantially regular shape such as a parallclogram,
rhombus, circle, oval and the like. Regardless of the shape, the unit and associated elcments
typically have a length in the range from about 1 to 20 inches, usually in the range from
about 2 to 15 inchces and more usually in the range from about 3 to 10 inches. The width of
the unit is usually in the range from about 0.1 (0 10 inches, usually in the range from about

20 0.2 to 5 inches and morc usually in the range from about 0.5 to 3 inches. The height is
usually in the runge from about 0.1 to 10 inches, usually in the range from about 0.2 10 5
inches and more usually in the range from about 0.5 to 3 inches, The weight of the subject
device is usually in the range from about 0.02 to 10 pounds and more usually in the range
from about 0.04 to 5 pounds, but in most cascs is less than about 2 pounds. The proximal end

25  of the device, i.¢., the end of the device which is in ¢lose proximity to or in dircct contact
with the skin when in use, typically includes a proximal orifice, where such an orifice
usually has a diameter less (han about 5 millimeters, and is in the range from about 1 to 4
millimeters, and more usually in the range from about 1 to 2 millimeters.

Typically, the visible surlace of the unit will include a display or screen on which

30 messages, instructions, error warnings, and maost importantly, resuits, i.e., whether a site is
suitable and/or the concentration of an analyte, may be displayed by means such as liquid
crystal displays, as arec known in the art. Such information may be conveyed by
alphanumeric digits or units or pictorial icons. In certain embodiments, an audio means may

dlso be present in or on the device for audibly conveying information to the user,
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1. Site F1.oW ELEMENT

5 As described above, in certain embodiments of the subject invention, the housing
includes at least onc site flow characterization element which characterizes the flow of a
polential site, 1.e., the flow rate or velocity of the site. A wide varjety of elements or
components may be employed to detcrmine the flow characterizations of a particular
sampling sitc, where particular embodiments of interest will now be described.

10

A. Temperature Characterization Element

In certain embodiments, the flow characlerization element includes an clement
capable of characterizing the temperature of a potential site. For example, a temperaturce
element or sensor such as a thermocouple or the like may be employed, where such

15 thermocouples are known in the art. Such a temperature element may be in place of or in
addition to, other elements uscd to characterize the flow of a site, such as the RBC
churacterization clement described below, where one or more site characterization clements
arc capable of being activated at the same or different times, e.g., a temperaturce clement is
capable of being activated at the same or different lime as a light delecting element, ctc.

20 The temperature clement of the present invention is onc which is capable of
measuring the lemperature of the site, where such a temperature is an indication of the {low
character of the site. In other words, the temperature of the skin increases as blood flow
increases due to [actors such as the velocity of the Tow of fluid at the site.

Accordingly, the temperalure sensor is capable of measuring infrarcd radiation or

25  tempceraures in the range from about 0 1o 100°C, usually from about 10 to 75°C and morc
usually from about 10 to 50°C. Typically, the temperature element will be positioned in
closc proximity to the proximal aperture of the device or honsing; however, other positions
may be employed as well depending upon the configuration of the device, the particular
temperature sensor used and the specific body area to be tested.

30

. RBC Characterization Element

In other cmbodiments, the flow characterization element is an element cupable of
characlerizing the RBCs of the site, e.g,, RBC flux characterization. RBC characterization

clements may be in addition to, or in place of, other flow charactcrization elements, as
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5  cmitting light, usually coherent, single wavelength light, at a wavelength ranging from about
400 to 1200 nm, usually from about 450 to 800 nm such as a lascr as is commonly known in
the art, and a sensor or detector, typically a broadband sensor or detector, for delecling the
intensity of light reflected from the RBCs. The at least one light source may thus include one
or more: light emitling diode (LED), lascr diode, light emitter, bispectral emitter, dual
10 spectral cmitter, photoemitler, photodiode, semiconductor die, or the like, and the deteclor
may include one or more: photodiode, photoelectric receiver, photodetector such as a
broadband photodetector, semiconduclor die, or the like.
Examples of commercially available elements capable of RBC characterization or
RBC flux characlerization, e.g., Doppler flowmelers, adaptable for use with the present
15  invention include, but are not limited to, flowmeter models LD-5000 and LD-6000
manufactured by Medpacific of Sealtle, WA; flowmeter models PF1, and models PF2 and
PR3 manufacturcd by Perimed of Stockholm, Sweden.
The RBC characterization clement may be operatively associaled with a
microprocessor under the control of a software program that is capable of processing signal
20  from the site and determining the RBC character, e.g., RBC flux, or a statistically relevant
value thereof, of the site based upon the measured intensities of reflected light and may also
perform the steps necessary to compare such a RBC characterization value or measurement
such as RBC flux value to a predetermined value or to RBC characterization valucs of
various tcsted sitces.
25
I1, SAMPLE TYPE CHARACTERIZATION ELEMENT
As mentioned above, the subject devices may also includes onc or more sample type
characterization element, where such an element is capable of characterizing a site as cither
primarily or gencrally (1) arterial/capillary, (2) venous or (3) interstitial fluid, and more
30  specifically is capable of characterizing the type of sample at a site as either primarily or
penerally arterial/capillary, venous or interstitial fluid. A varicty of clements may be used to
characterize the type of sample at a site. For cxample, elements include those capable of
characterizing the pulse of a site and/or characterizing the Hb of the site, as will now be

described in grater detail.
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of a sitc. Pulse charuclerization may be in addition to, or in place of, other sample type
5 characterization clements, as described hercin. Where the pulse characterization element is
in addition to other elements, the elements may be capable of being activated at the same or
at different times,

Typically, an element configured to perform pulse characterization usually includes
at least onc light source capable of cmitting light, usually coherent, single wavelength light

10 at a wavelength from about 400 to 1200 nm, usually from about 450 to 800 nm such as a
laser as is commonly known in the art, and a sensor, typically a broadband sensor or detector
for detecling the intensity of light reflected from the RBCs. The light source may include
onc or more: light emitting diode (LED), a laser diode, a light emitter, a bispcetral emiticr, a
dual spectral emitler, a photoemitier, a photodiode, a semiconductor die, or the like, and the

15 dctector may include a photodiode, a photoelectric receiver, a photodctector such as a
broadband photodetector, a semiconductor die, or the like.

The light source und detector may the same as or in addition to the above described
clements used for RBC characterization. Examples of commercially available pulse
characterization elements, e.g., Doppler flowmeters, adaptable for usc with the present

20 invention Lo determine {low characterization inclhude, but are not limited Lo, flowmeter
modcls LD-5000 and LD-6000 manufacturcd by Mcdpacific of Secattle, WA, {lowmeter
models PF1, and models PF2 and PF3 manufacturcd by Perimed of Stockholm, Sweden.

The pulse characlerization element may be operatively may be associated with a
microprocessor under the control of a softwarc program that is capable of processing signal

25  from the site and delermining the pulse or determining a magnitude associated with the
pulsc, or a statistically relevant valuc thercof, of the site based upon the measured intensities
of the reflected light and may also perform the steps necessary to comparc such a pulse vulue

to a predetermined valuc or to pulse values of various tested sites.

30 B. Hemoglobin Characterization Element
In certain embodiments of the subject invention, the sample type characterizalion

clement includes 2 hemoglobin characterization clement capable of detcrmining the

characteristic ol hemoglobin of a site. In parlicular, the hemoglobin characterization clement
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'+ 10%: () - yﬁ% %gﬁs(e)lem;nll%%ntm(n)q (1) at least one(hght source such as at least onc of the following: a
5 light emitting diodc (LED), a light emitler, a bispectral emittcr, a dual spectral emitter, a
photoemilter, a photodiode, a scmiconductor die, laser, or the like, and (2) at least one
detector capable of meusuring light absorbed by the site, i.e,, intcrcepting light transmitied
through or reflected from a surface upon which the light source is focused, and which may
also capable of converting such light into measurable clectrical signals, e.g., voltage, current,
10 etc.), where suitable detectors include, but are not limited 10, at least one of the following: a
photodiode, a photoelectric receiver, a photodetector, a semiconductor die, or the like, As
noted above, light sources and detectors are commonly known in the art, where examples of
suitable light sources and detectors suitable for usc with the present invention include those
disclosed in U.S, Patent Nos. 6,241,680 and 6,233,266, the disclosures of which are herein
15 incorporated by reference.
Typically, the at least one light source of relatively narrow wavelength distribution,
e.g., at least one LED or lascr, will be capablc of irradiating a prospeetive sampling site with
at least one wavelength, typically at least two wavelengths ranging from about 400-1200 nm,
In other words, if onc light source is uscd and more than onc wavclength is required, the one
20 light source will be capable of producing or emitting light at more than onc wavclength. If
more than one light source is uscd, at least two of such light sources will be capable of
transmitling light at dilferent wavelengths either serially or simultaneously with respect to
cach other, The at Jcast one light source and/or the associated detector(s) may be positioned
at or near the proximal end of the housing, i.e., the portion of the housing in close proximity
25 toorin dircct contact with the skin of the uscr. In other words, the light source(s) and/or
detector(s) may be located near the proximal orifice of the device; however, the light
source(s) and /or detector(s) may be positioned clsewhere in the device as well.
The hemoglobin characterization element may be operatively associated with a
microprocessor under the control of a software program that is capable of proccssing signal
30 from the site and delermining tolal hemoglobin or the components thercof (oxygenated or
dcoxygenated Hb) or the HbO/Hb ratio, or a statistically relevant value thercof, of the sitc
based upon the measured absorbances of the light and may #lso be operatively associaled
with measurement processing means for performing the steps necessary Lo compare such

hemoglobin values to a predetermined valuc or to hemoglobin values of various tested sites,
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where such electronics are known in the art,
Furthermore, the device includes a microprocessor working under the control of a
10 software program, where such a software program contains the entire code necessary for the
microprocessor to perform all of the tasks required by the device, e.g., the microprocessor
contains all the code necessary for determining the suitability of a sampling site and/or the
concentration of an analyte. In other words, the program code of the software instructs the
microprocessor to carry out all the steps which are necessary for it to determine one or more
L5  of the site’s functions, such as the flow characteristics of the site, and/or the sample type
characteristics, i,c., whether the site include primarily arterial/capillary, venous or interstitial
fluid, the appropriateness of the site for a particular test and the concentralion of at lcast onc

analyte in the sample, among other functions such as automatically activating the device, efc.

20 IV. Skin Piercing Element

The device may further include at least one skin-piercing element, e.g., a ncedle or
the like, for accessing and withdrawing or collecting the targeted sample fluid, The at least
onc skin-picrcing element may be associated with an actuating mechanism, such as a spring-
loaded mechanism, for manually actuating the at lcast one skin-picrcing element towards the

25 skin; however, the at least one skin-piercing element may also be capablc of being activated
automatically. Represcntative lancing clements adaptable for use with the present invention
include, but are not limited to, those disclosed in U.S. Patent Nos. 4,449,529; 4,892,097,
5,314,441; 5,318,54; 5,366,469; 5,395,388, 5,439,473; 5,454,828 5,540,709, 6,197,040;
6,071,294; 6,045,567 and 6,036,924, the disclosure of which ure herein incorporated by

30  reference. TFurthermore, the Penlel® brand Blood Samplers manufactured by LifeScan, Inc,
are also adaptable for use with the present invention, The at least one skin-piercing element
may further include 2 fluid pathway or channel operatively associaled with, e.g., either
within, concentric with or adjacent to, the at lcast one skin-piercing element for transporling

fMuid accessed by the element,
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with the at least onc skm plcrcmg element of the device, where such a vibration device is

5  capablc of vibrating at a frequency in the range of about 10 to 1000 Hz. Tn certain
embodiments, the fluid enhancing means may include, in addition to or in placc of other
fluid stimulating elements, a temperature clement to increase the temperature of the site (0

stimulate [Muid expression.

10 V. Test Strips
The device may be adapted to receive or otherwise be operatively associated or in
communication with standard analyte concentration determination test strips, e.g., glucose
rcagent lest strips, In many devices of the subject methods, one or more test strips arc
capable of being loaded directly into the device, i.e,, the present device is conligured (o

15 receive at least onc test strip, before, during or after the physiological sample is extracted.
Examples of such a reagent test strips suitable for use with the subject invention include
those described in copending U.S. Application Serial Nos, 09/333,793; 09/497,304;
09/497,269; 09/736,788 and 09/746,116, and U.S. Patent Nos, 5,563,042, 5,753,452,
5,789,255, the disclosures of which are herein incorporated by reference.

20 In those embodiments where a reagent tesl strip is in communication with the device,
an clement for automatically determining the concentration of an analyte in a physiological
sample may also be included in the device, where such automatic clements, e,g., automatic
melers, arc well known in the art. Examples of such automatic elements adaptable for usc
with the present invention include those described in U.S. Patent Nos, 4,734,360, 4,900,666;

25 4,935,346; 5,059,394; 5,304,468; 5,306,623; 5,418,142; 5,426,032, 5,515,170; 5,526,120,
5,563,042; 5,620,863 5,753,429, 5,573,452, 5,780,304; 5,789,255, 5,843,691, 5,840,486;
5,968,836; 5,972,294 and described in copending U.S. Application Serial Nos. 09/333,793;
09/497,304; 09/497,269; 09/736,788 and 09/746,116, the disclosures of which arc herein
incorporated by reference,

30 Refetring now to the drawings, Figure 3 provides a representation of an exemplary
device of the subject invention showing a cut-away view of the proximal portion of the
device. Figure 3 shows device 2 mado-up of an outer housing 18, which includes a visual
display or liquid crystal display 4 for displaying results (o a user of the device (as mentioned

above, information may also be audibly communicated to the user in stead or in addition to
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Figurc 4 provides a representalion of an exemplary proximal portion of the subject
device, showing a cut-away view of the proximal portion. In this particular cmbodiment, the
proximal portion 32 ol the device 30 is shown, where a proximal portion 32 of device 30
includes a flow characterization clement made up of temperature characterization element 22

10 and a sample type characterization element which includes Jaser diode 20 and Jaser diode 21
und detectors 23 and 25. Further included in this cmbodiment is at least one skin-picreing
clement 24, operatively associated with spring mechanism 26, Device 30 includes reagent
test strip 28, where test strip 28 may be in communication with an intcrnal lumen of the at
lcast onc skin-piercing element 24 (not shown) or some other elongated tube or (ransfer

15 clement, through which sample is drawn to the test strip 28. 1t will be apparent, however,
that test strip 28 may be separate {rom and/or otherwise adjacent {0 the skin-piercing element
24,

KITS

Also provided by the subject invention are kits for use in practicing the subject

20  methods. The kits of the subject invention include at least one subject device, where such a
device includes at least one flow characterization element for characlerizing the flow of a
potential physiological sampling site and/or may include a samplc type characterization
clement for determining the type of fluidic contents of the site. Oftentimes the kits of the
subject invention include a plurality of such devices, The kits may also include a reusablc or

25  disposable lancing clement, if not already integrated into the device. Furthermore, the kit
may also include 2 reusable or disposable meter, if not already integrated into the device,
that may be used with reusable or disposable test strips used with the subject invention,
Certain kits may include various types of test strips, e.g., where various test strips contain the
same or different reagents, e.g., electrochemical and/or colorimetric test strips. Finally, the

30 kits may further include instruciions for using the subject devices for determining a svitable
physiological fluid sampling site and/or for determining the concentration of at least one
analyte in a physiological sample. The instructions may be printed on a substrate, such as

paper or plastic, efc. As such, the instructions may be present in the kits as a package insert,
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EXPERIMENTAL

Thce following example correlating skin (empcerature with fluid volumec is offered by
way of illustration and not by way of limitation.

10 A fine thermocouple (0,002 inch typc CHAL from Omega Technologies Corp.),
associated at the end of a Penlet® Plus Blood Sampler using a FinePoint™ lancet from
LifeScan , Inc., was used to measure the lemperature of a sampling site and Lo access and
obtain sample therefrom. As such, the thermocouple was positioned in the cenlter of the
otificc of the Blood Sumpler having a variable depth setting fixed to 6. A Jocation on the

15 upper forecarm ol a subject was chosen as a sampling site, The temperature of the site was
measured and the site was lanced substantially immediately thereafter. Sample which was
readily expressed for a period of about 30 seconds was collected and the weight thereof was
determined. This procedure was repeated for a sample size of 21.

Figure 5 shows the results of the amount of blood volume, represented by sample

20 weight, collected for each temperature. The graph shows that therc is a clear comrclation
between temperature of a sile and the weight or volume of sample obtainable therefrom,
There is one outlicr at about 29.1°C, which may be attributed to a deeper lancing depth or

the like,

25 It is cvident from the above description and discussion that the above described
invention provides a simple, quick and convenicnt way to locate a suitablc physiological
fluid sampling site, obtain a physiological sample from the suitable site and determine an
analyte concentration thereof. The above described invention provides a number of
advantages, including easc of use, a single skin-picrcing ecvent, non-invasivencss and

30 compatibilily with both electrochemical and colorimetric analyte concentration
characterization ussuys. As such, the subjecl invention represents a significant contribution
(o the art,

All publications and patents ciled in this specification are herein incorporated by

reference as if cach individual publication or patent were specifically and individually
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Lthosc of or mdry sklll 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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5
1. A device for determining a suijtable site for sampling physiological
1luid, said device comprising:
() at least one flow characlerization element for determining the flow of said
site; and
10 (b) at least one skin-piercing element for accessing said physiological fluid at

suid sile.

2. The device according to claim 1, whercin said al least one flow
charactcrization element comprises an element capable of determining the temperature of

15  said sile.

3. The device according to claim 1, wherein said at least onc flow
characterization element comprises an element capable of determining red blood cell
character of said site.

20
4, The device according to claim 1, wherein said at least one flow
characterizalion element compriscs at least onc light source for irradiating tissue with light

and at lcast onc detector for detecting the light absorbed by said tissue.

25 5. The device according to claim 4, wherein at least onc light source is

capable of cmitting light at a wavelength in the range from about 400 nm to 1200 nm.

6. The device according to claim 1, wherein said at least one flow
characterization clement comprises an ¢lement capable of performing Doppler flowmelry.
30
7. The device according to claim 1, further comprising a microprocessor for

processing measurements obtained hy said flow characterization element,
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10.  The device according Lo claim 8§, whercin said test strip is a

colorimelric test strip.

10 11.  The device according (o claim 1, further comprising a mcans for
automatically determining the concentration of at least one analyte in said physiological

sumple,

12, The device according to claim 1, [urther comprising at Icast onc fluid

15  cnhancing element,

13.  The device according to claim 1, further comprising at least onc

sample type characterization element,

20 14.  The device according to claim 13, whercin said at least onc sample

type characterization clement comprises a pulse characterization element,
15, The device according to claim 13, wherein said at least one sample

type characterization element comprises a hemoglobin characterizalion clement.
25
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