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MONI TORI NG AN ANALYTE THEREI N BACKGROUND OF I NVENTION 1. Field of the

| nvention_[ 0001 he present invention relates, in gener | ca

devi ces ah{f)%q‘féf]r'?;g ssoci ated methods and, in parti cul ar?jéwggzg%@iggg,
systens and nethods for extracting bodily fluid and nonitoring an anal yte
therein. 2. Description of the Related Art [00021 In recent years, efforts

i n nmedi catvstend FeR EXTRAQDINGt BONINY BVEP yA@SMPELTGRING M cHBEYTE (THERDH® |y fl ui ds
(e.g., blood and interstitial fluid) have been directed toward devel opi ng
devices and nethods with reduced user disconfort, and/or pain, sinplifying
noni toring nmethods and devel opi ng devi ces and net hods that all ow continuous
or sem -continuous nonitoring. Sinplification of nonitoring nethods enabl es
users to self-nonitor such analytes at home or in other |ocations wthout
the help of health care proBACKGROENDAOFINVENTIONNn a user's disconfort
and/or pain is particularly inportant in devices and nethods designed for
hone use in order to encourage frequent and regular use. It is thought that
if a blngmghggaéggﬁag%horing device and associated nethod are relatively
pai nl ess, ' itor their blood glucose levels nore frequently and
regul ar I[gog1pan ot Mihe\present ihRGich rdlates, ie gaprdl oo tmedicab Hedcks@ind Gt Casi®iiattdr | Ng,
conti nuous, or seni -conti nuous nnnitoring devi ces and net hods are

advant ageshadsiand; inparticklay, to devireesys anethedsdar extiaciing badilyfluid adse
concentrati.on tren .ef fect of food and nedi cation on bl ood gl ucose
concent rng‘%q’%ﬁméﬁgagﬁ&tgg&?%ﬁbverall gllycem c control. In practice, however,
continuous and sem - continuous nonitoring devices can have drawbacks. For

exanmpl e, during extraction of an interstitial fluid (ISF) sanple froma
taﬂget S tRescrption ofghe Relgted Agite in a user's skin layer), ISF flow rate can

decay o ime. E rtherre, fter several, hours of contipuous IS
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and assaadatethbdseittodddaed usdraliscomfort and/or pain, simplifying monitoring methods and

developing devices and methods that allow continuous or semi-contineous monitoring.

Simplification of monitoring methods enables users to self-monitor such analytes at home or in
other locations without the help of health care professionals. A reduction in a user’s discomfort
and/or pain is particularly important in devices and methods designed for home use in order to
encourage frequent and regular use. It is thought that if a blood glucose monitoring device and
associated method are relatively painless, users will monitor their blood glucose levels more

frequently and regularly than otherwise.

{0003} In the context of blood glucose monitoring, continuous or semi-continuous
monitoring devices and methods are advantageous in that they provide enhanced insight into
blood glucose concentration trends, the effect of food and medication on blood glucose
concentration and a user’s overall glycemic control. In practice, however, continuous and semi-
contipuous monitoring devices can have drawbacks. For example, during extraction of an
interstitial fluid (ISF) sample from a target site (e.g., a target site in a user’s skin layer), ISF flow
rate can decay over time. Furthermore, after several hours of continuous ISF extraction, a user’s
pain and/or discomfort can increase significantly and persistent blemishes can be created at the

target site.



nonitoring of an analyte (e.g., glucose) in a bodily fluid (such as | SF)

that is sinple to enploy, creates relatively little disconfort and/or pain
in a user, and facj]itates continuous or sem - continuo ’I%)ﬁ. ' wi t hout
undul y i n%@&?’h@% user's pain or creating persistent bli’l%em sh&e@({lhﬁ%M\/ARY OF
| NVENTI ON [ 00051 Systens for the extraction of a bodily fluid sanple and
nonitoring of an analyte therein according to enbodi nents of the present
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in a user and facilitate continuous and sem -continuous nonitoring . wthout
undul y icpRiimaeys mgniornrgwithouh yndnly incgqasingiaigerptpain of ergeting persigtaidlemishesover |
nmet hods according to the present invention facilitate continuous or

sem -conti nuous nonitoring without wunduly increasing a user's pain or
creating persistent blem shesSUMMARY OFINVENTION extracting a bodily fluid
sanpl e and nonitoring an analyte therein according to an exenplary

enbodi nent of the present invention includes a cartridge (e.g., a

di sposa artridge) and | Qcal. control. .oodul.e. The cartridge includes
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[0005]  TaufyamRbshy Mt faidlof Gredeld paikeit tsisides at | east one pressure

ring adapted for applying pressure to the user's skin layer in the vicinity
of the target site while the

Di

[0006] A system for extracting a bodily fluid sample and monitoring an analyte therein
according to an exemplary embodiment of the present invention includes a cartridge (e.g., a
disposable cartridge) and a local controller module. The cartridge includes a sampling module
adapted to extract a bodily fluid sample (e.g., an ISF sample) from a body and an analysis
module adapted to measure an analyte (e.g,, glucose) in the bodily fluid sample. In addition, the
local controller module is in electronic communication with the disposable cartridge and is

adapted to receive and store measurement data (e.g., a current signal) from the analysis module.

[0007} The sampling module of systems according to embodiments of the present
invention can optionally includes a penetration member configured for penetrating a target site
of a user’s skin layer and, subsequently, residing in the user’s skin layer and extracting an ISF
sample therefrom. Alternatively, the sampling module can employ microdialysis, ultrafiltration,
laser, reverse iontophoresis, electroporation and/or ultrasound techniques to extract a sample

(e.g., an ISF sample) from a target site of a user.



penetration nmenber is residing in the user's skin layer. In addition, if
desired, the sanpling nodule can be configured such that the pressure

ring(s) i f applying pressure to the wuser's 12?(%% | n an
oscillati E’Hg?ﬁﬁﬁﬁﬁﬁher eby an | SF gl ucose | ag of the | Sékés %éﬁ&gié{‘]r acted
by the penetration nenber is mtigated. [0009] In addition to, or as an
alternative to, a pressure ring(s) that is capable of applying pressure in
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the creation of persistent blem shes. [0011] A systemfor nonitoring an
anal yte (such as glucose) in | SF of a user according to an enbodi nent of
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nodul e i s configured such that the pressure ring is capa applying the
pressure in an oscillating nmanner whereby an | SF glucose lag is mtigated.

[ 0012] jnterstitiagl flujd (ISF) extraction device according tQ an
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ring (e.cgntingoys monitomngisdacilitated pwhilersimplianeppshy mipimizing g y5erdpain e the
creation of persistent blemishes.

[0011] A system for monitoring an analyte (such as glucose) in ISF of a user according to
an embodiment of the present invention inclndes a cartridge and a local controller module in

{ electronic communication with the cartridge. The cartridge includes an analysis module for
measuring the analyte and the local controller module is configured to receive and store

' measurement data from the analysis module. In addition, the analysis module includes an

analyte sensor (e.g., a glucose sensor) configured to be at least partially implanted in a target site
of the user and at least one pressure ring adapted for applying pressure in the vicinity of the
target site. Furthermore, the analysis module is configured such that the pressure ring is capable

of applying the pressure in an oscillating manner whereby an ISF glucose lag is mitigated.

[0012} An interstitial fluid (ISF) extraction device according to an embodiment of the

present invention includes a penetration member (e.g., a thin-walled needle with a bore)



applying pressure to the user's skin layer in the vicinity of the target
site while the penetration nenber is residing in the user's skin layer. The
| SF extractl Lce is configured such that the pres

capabl e oﬁgg@*aﬁﬁg’?t he pressure in an oscillating mnnngﬂgﬁéfﬁgﬁ | SF
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penetration menber and at |east one pressure ring. Next, a user's skin
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menber . SF sanpl e |s 3%‘& xtraﬁteglﬁh‘[om%{% Hser s ski,n Iayer via the
penetratl marrbe et oL INFEexigpetipp deydess agcargding t ‘?ayer in an
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| SF sanﬁSEsmple,ethﬂSFdeatthmdme pitsirple teafnploy. dmadditiod, sinicethel ISFat e
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enbodi ments, in which principles of the invention are utilize and t he
acconpa®ptimizediond ey to the vigimitref the targed sibusuch it ipglucess Jagismunisizes. | 0016]
FIG 1 is a sinplified block diagram depicting a systemfor extracting a
bodily fluid sanple and nonitoring an analyte therein according to an

exenpl angorsybodi MANethbd fdrextractafpapterstifiveiid QISF) according to an embodiment of the

present invention includes providing an ISF fiuid extraction device with a penetration member

and at least one pressure ring. Next, a user’s skin layer is contacted by the pressure ring and
penetrated by the penetration member. An ISF sample is then extracted from the user’s skin
layer via the penetration member while applying pressure to the user’s skin layer in an oscillating
manner using the pressure ring(s). The oscillating manner, by which the pressure is applied,
serves to mitigate an ISF glucose lag of the ISF sample extracted by the penetration member
and/or to facilitate continuous or semi-continuous extraction of an ISF sample for an extended

time period (e.g., an extended time period in the range of one hour to 24 hours).
BRIEF DESCRIPTION OF DRAWINGS

[0015] A beiter understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which principles of the invention are utilized, and the accompanying drawings
of which:



[0017] FIG 2 is a sinplified schematic diagram of an | SF sanpling nodul e
according to an exenplary enbodi nent of the present invention being applied
to a user's skin |layer, with the dashed arrow indicati ng ﬁHgE%ha@i‘ial

i nteracti SHOAWA®RE solid arrows i ndi cating I SF fl ow or, C HOYLBLY, at ed
with element 28, the application of pressure; [0018] FIG 3 is a sinplified

bl ock dijpgaéam of &IG.ADRlayskiplifiEiblbek dingiamodeplcting alsysithdor exifadiihga bediby di ng
to an exenpl ary enbpodi nent the present invention; [00191 FIG 4 is a

si npl i f ifldd sampleand mgritoringranag GEssacrerdingdo ap gkemplenhembndiment ofdliul e and

renote controll er. nodul e according to an exenplary enbodi ment of the present
I nventi (?ﬁ?sef'da G 5is a si nplified block diagramof a renpte

control '[0011[10(1 ul e FGCPisH siftplifed AReMXEEWagaih FHRAISE §RA m? mbBfle RE@IGRL to
i nvention; [0021] FIG 6 is a top perspeclive view of | sposabl e cartridge

and | ocain exemplary dnebodinvent o thespresentiinnention heingewpplipd tra/userts ekiinteayer, with thee

present jnvention; [0022] FIG ,K 7. 1s a bott per.spectivye,view of the
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is a per | ' ; [ not her exenpl ar enbodi nent
P %%%W%cv\ﬁ'eﬁﬁll atam@n?%? gtgegpgﬁc?ﬂfoﬂ ogﬁrekéhr@ npl ary

of the presen on Wt I'SposabFe car'tridge and | ocal controller

nmodul e [got8iched RIGaMisar simplified bivek diapRAaPdy anfantlysi® mciuge &idipedl Cooller
cross-sectional side view of an extraction device according to an exenplary
enbodi neneduls accprding to ga grepplashembgdimpwhepresantinventions 5 per specti ve vi ew of

crmboc maieBY; °¢ e H62E bRtk PioRE ARataatyt an ks eRUle eaf o Rugy ¥
Cr 0SS- SQabdlO'Ad RdR OBV médife seebfcfﬁﬁg 100 edemplagy Ghbddifsent dithe pfdSehf] FI G

12 (-i s a graph _show ng perfusion as a function of tine for a test” conducted
usi‘ng t hsvemtioracti on device of FIG 9; [0028] FIG 13 is a flow di agram

erbodi raW08; °t ho TFeS i >Rl BT o Tk Scmsmomresmopermoiloeareiag iy
an exemplary embodiment of the present invention;
[0021] FIG. 6 is a top perspective view of a disposable cartridge and local controller
module according to an exemplary embodiment of the present invention;
[0022] FIG. 7 is a bottom perspective view of the disposable cartridge and local
controller module of FIG. 6;
[0023] FIG. 8 is a perspective view of a system according to another exemplary
embodiment of the present invention with the disposable cartridge and local controller module
attached to an arm of a user; '

[0024] FIG. 9 is a simplified cross-sectional side view of an extraction device according

—

to an exemplary embodiment of the present invention;

[6025} FIG. 10 is a perspective view of a portion of an extraction device according to yet
another exemplary embodiment of the present invention;

[0026] FIG. 11 is a simplified cross-sectional side view of the extraction devioé of FIG.
10; '

[0027] FIG. 12 is a graph showing perfusion as a function of time for a test conducted

using the extraction device of FIG. 9;

[0028] FIG. 13 is a flow diagram illustrating a sequence of steps in a process according

to one exemplary embodiment of the present invention;



[0029] FIG 14 is a sinplified cross-sectional side view of a portion of an
extraction device according a further enbodi nent of the present invention:

[ 0030] FI i i me course plot of glucose concentratj tinme
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| SF sanples and test |ISF sanples; [0031] FIG 16A and 16B depict '
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versus finger capillary blood glucose and test |SF gl ucose versus finger

capi | | adevied ascordifigaciygher embodinent wé the présgoBipyemtioss 17 is a pl ot of
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cart ri degpiflay bRddigress; eskpedtivelyd t he dashed box), a Ilocal controller nodule

14, and a renote controller nodule 16, as illustrated in FIG 1. [00361 In
syst em {80328 sposEKF.d7dsa plot @fpereentagedtiasawessus relatins time fordoth testISF aod
extractin dily fluid sanple (nanely, an | SF sanple) froma body (B,

f or exaﬁﬁﬁ%ﬁ‘}lgﬁgﬁwsg%’e@ﬂrﬁmf’ﬁ er) and an analysis nodul e 20 for measuring an
anal yt e i§g33¢- . 9! HRPIB)is b PegrélRioARfpininpdstd Bn 2 CRAEP BRI GIRUHE 6 sl&nfeeéd

anf?ll ySi s[“m)gul e 20 can lsbe agtrrly Sui 9%6Fgﬁsarrpllliang ang anal ysi s ?mdu es known
t 0 't hos ¢esbISEsHludadse versushinger capillary blvodIighixdose;and ed t hat sanpl i ng nodul e 18 and

anal ysi s dul e of system 10 are both jgured to _be_ dispo e since
t hey ar é@iponen%&%ﬁgﬁ@égggéfﬂ g’%a?&%ﬁééﬁ%%"ﬁ&%%ﬂ?gfof Mﬁ%é‘l“go be
noted t m i s of systens according to the present invention can
alter na?‘l'%\ilie y eﬁébﬁﬁge&é cartridge that is not disposable (i.e., sinply a

"cartridge" as opposed to a "disposable cartridge").



[ 00371 Sanpling nodul e 18 can enpl oy any suitable technique to extract the
bodily fluid sanple including, but not limted to, a penetration nenber

(e.qg., a needl e mcrodialysis, wultrafiltration, | v e
I ont ophor &40 goof‘%cpgi{r oporation, and ultrasound techni qumsszgéct?%g@ﬁ bel ow
and conbi nations thereof. [00381 Two techniques for extracting a bodily

fluid sanple (e.g., IBETAThED DESCRIPTION OF THHEINVENIIONU| es of
enbodi ments of the present invention (including sanpling nodule 18) are
mcrodialysis and ultrafiltration. Mcrodialysis and ultrafiltration
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[ 0039] Suitable sem -perneabl e nenbrane materials include, but are not
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as gl ucGamplih@aiodiiav8 add bhalgsic miodile PORan be anyosuitable samphiss andnadgisimodules
permeabl e menbrane enter the perfusion solution. The perfusi'on solution

f1ows t dnows tasthesef skilhia thapd Bsheuld berotsd that samplingmedite |8 pndapplysisa| |

anat y zodoosye A5 GFE 1030y, SAMBBHANRe Bibr SHRHIF whETRRY FlecBlhpoBenP (et

low (i . elisposdbRgattidge 12.PHEWsWrEit kifoukdilké Bélndted Bt bmbbdimehisiof kystéias and second
end, causing bodily fluid (e.g., ISF) to mgrate by filtration across the

sen - perefedding tihaipresert inyrntipn sop alispativelyempley ¢ earlridge that domad dispasable t he
tubing. The. resulting wtrafiltratg,(e. g, ISF ultrafiltrate) can then be
L anet orPGerimB . il aRbseh A istble caifined o

[0037} Sampling module 18 can employ any suitable technique to extract the bodily fluid
sample including, but not limited to, a penetration member (e.g., a needle), the microdialysis,

ultrafiltration, laser, reverse iontophoresis, electroporation, and ultrasound techniques described

below and combinations thereof.

[0038] Two techniques for extracting a bodily fluid sampie (e.g., ISF) that can be used by
sampling modules of embodiments of the present invention (including sampling module 18) are
microdialysis and ultrafiliration. Microdialysis and ultrafiltration techniques can, for example,
employ a tubular-shaped semi-permeable membrane having a first end, a second end and pores
that allow low molecular weight chemical compounds (e.g., glucose) to diffuse through, or
otherwise migrate across, the semi-permeable membrane. However, the pore size andfor
geometry is predetermined to prevent high molecular weight chemical compounds (such as

proteins) from diffusing through or migrating across the semi-permeable membrane.



[0042] If desired, the tubul ar-shaped sem - perneabl e nenbrane can be fused
to a catheter or cannula to facilitate insertion and handling. Further
details rsggrdi ng mcrodialysis and ultrafiltration are é,{:l U S Patents
No.'s 5, 00¥03¥#1087%06 806 and 5, 174, 291, each of which ¥} mﬁ’é’?ﬂ@@‘ﬁ“uuy

i ncorporated by reference. [0043] Another technique for extracting |ISF which

may be egpiglyed b)Susablplsemppertiegble tnchibrark rdateAsle includechutaee Adt litnitedse,
provi des nmany advant ages, i ncl udi ng the ability to create a snmall puncture

or | ocalpolyaeTylonitsile; suprophare regrnerated selioseypalyeshonate andpelysulfeuse ring use,

concom tan ai n.. For anpl a.ngrrow y . focused | aser be adapted to
bl ate ot bl sdyine el Hbiac 30 b, BbRECN 185 B el R | 3
I's causegdydr@f Resésiopsed. Because the depth of ablation can be tightly

controlled wth a | aser, the process of extracting |ISF can in theory be
pai nl ess and such that the ISF is sufficiently free of blood. The power

Lﬁéﬁisd%??éhi mizidiely éiw"s’-%?vlﬁ “ﬁéﬁisfﬂg%%%ﬁ?cﬁ.ﬁig%ﬂgmasei@t e
ot op _ .
2004 107877 BEMREaRBefs R SRaRc TR Ming fnadtes bR it

Publ i cat ¢hemiddbcoridudias (5B ds ghwbise)ithar leavh diféispd fitbiigh orimigRiteabacasss dhdemi-

reference herein. [0044] By using reverse iontophoresis technique, an
i ont ophoPE®esple ARG cate nsafusxesmla@@lédﬂmeéﬁagxowph@os Sepsitothedpennde 18.

This techmn real i . f LSF I Cro ser' s skin
ayor oy ithy) 18 o siGiP sl QI BTRE Varks b ccufls WEBRT cRh{tFEcofhrd s hn”
i nvol vesgheh BE tr@isiiiRidao, AdRalyzaf by, anilaphmbaile ooel ectrodes (which are coated

with a hydrogel) being nounted onto the user's skin layer in a spaced apart
arfangement. A current density of, for exanple, about 0.01 to about 0.5

my cn? i n applied t ween t.he el.ectrodes.,. Typically, .. ol.arity
of the a@ﬁ'iﬁd cu_ﬂf‘é’ﬁ ?‘F"“oé“‘s‘%“ﬁe@fq@a’ d&ﬁbu?egés‘é‘?Qp}l%SW Pﬁ%’ggé‘ig’if“ﬁ&b’@ase
the fluxpafend 4 sbQUNIRAESRE bbEly FAIR.E 0% il by filtrafiosi Kichos @er . The
application of current causes the  |ontophorésed SF sanple to be expressed

f r om t hesemsiqermeablel memnbrepe afbflowsewaftls thedirstrand secomtliend of thedalsing.Aflheacent to

the iontopharetjc_eleciro , .a eservoir is proyided to colle the, .
i ont opho%@m }ﬂ@ﬁﬁaﬁ&&&gﬁ “!tfﬁﬂtr%tgbe‘gﬁnééﬁv lt?etr%ﬂa%g@ga%ﬁpﬂ gmal etpalypis
anal ysi s, npdubg 20. Mre details in regards to the use of reverse

I ont ophoresis can be found in U S Patent No.'s 6,233,471 and 6, 272, 364,
whi ch are hereby fully incorporated by reference herein.

[0042}] If desired, the tubular-shaped semi-permeable membrane can be fused to a
catheter or cannula to facilitate insertion and handling. Further details regarding microd:ialysis
and ultrafiltration are in U.S Patents No.’s 5,002,054, 5,706,806 and 5,174,291, each of which is
hereby fuily incorporated by reference.

[0043) Another technique for extracting ISF which may be employed by sampling
module 18 is a laser. The use of a laser provides many advantages, including the ability to create
a small puncture or localized erosion of the skin tissue, without a large degree of concomitant
pain. For example, a narrowly focused laser may be adapted to ablate a user’s skin layer such
that a micropore is formed therein and ISF is caused to be expressed. Because the depth of
ablation can be tightly controlled with a laser, the process of extracting ISF can in theory be
painless and such that the ISF is sufficiently free of blood. The power ievel, wavelength range,
optics, and pulse frequency of the laser may be adapted so as to increase the efficiency of

ablation. More details in regards to the use of a laser in collecting ISF can be found in U.S.



[ 0045] Yet another technique for extracting | SF which may be enployed with
sanpling nodule 18 is electroporation. Electroporation initially involves
form ng at. | east m cropore to a predeterm ned dept ser's
skin Iaye?".’oﬁiﬁél?ﬁ?ﬁod for formng the at |east one m &‘%Q@&ggmlﬁse a

| aser or heated wire. Next, an electrical voltage is applied between an

el ect r odateat Ro13,165418yamddneimtionad Pubkcation Nop W@ 93/03734) otHieh are lhercby dalty spaced
therefrom [0046] By applying electrical voltage to the user's skin |ayer

t hat hadnagmoseipd By rieraneliezeinng cr opore, el ectroporation effects can be
targeted at tissue structures beneath the surface, such as capillaries, to
greatly enhance the withdrawal of biological fluid. A nmeans for collecting

and tr3gEipr ri ng BySsingabvdise ibhophdieds fohdipdd, ah Hintéphorises ISP éanaslé ﬁﬂ?( By

el ectroporation can then be subSequently analyzed by analysis nodule 20.
Nbr e detesiracted by erapjaying saopkngnodulp 88.a tThariechniqusaeli¢soumntovementofF8F and  No.

6, 022,316, which is hereby. ful.ly incorporated.by reference hectein. 0047]
ST R BionE acFes e SR vk s g e ok et of rfent fk g
nodul e ' | | : ; nto a
mal 1 e sk GRS peft bR e A it chiar Rl IAREROT ©. T,
nunber deinganountesiombd thesisey’s skiimlayérdn alspaced apart amaygeinent. i A cusertdensityrofafoes
as the application_area decreases. ,Thys, the application qQf ultrasoynd to a
very snmirpmpiesabog §.01 tw‘zm@@ mfg@zé%ﬁreaﬁpgwd%gv%m e §Q %Wt{ﬂdﬁ-g‘ﬁmﬁ:ﬁh
and/ or i o¥:| f.ect: &@[Ela | Qs i ' mﬁl ' |
little p%fzﬁ %A lgﬁgfg%oﬁ%ﬁ . afggﬂgeoérvggégéggﬁm@fgv%?&g&gggﬂe%ca eé%eeerﬁ?agg#tla an
i n cavi tthe ioatophorestiShisambleas st thetusarsskiimlayére Thciapplidatioh fof carieht kaisgethe

| ocal i zed sheari ng%quorces near the surface of the skin. The ultrasound

pr obe cgﬂntgpllwessqi sample tube expraseaddzem My, UsRRs §1ﬁnﬂ§p§bgcau§e.cpfte?@u-paﬁ§@n.c
Cherat dofesy AiBodt A Sty Pholic FRBBR, o FaboRERRVREN Rl BeT0 200 00

_ ractio rsTrnT trasound can be
found i Hodoghdreded ISF Bign leﬁso&ﬁét,tﬁ%an\wlsﬁﬁbe&&dﬂ@raﬁWzédﬁy‘ Jhaly’Raheduier®d by
reference herein. [0048] As depicted in FI 2, the particular sanpling

nmodul e Dgorsfdetnjlg ineregams kosthe useofprgrse igntopberesia sin beipund il Patent Nl udes a
penetrat, nber, r_pepetratin t arget ite. (T Sy of body B and
extract ieiﬂ%&a‘{?ilagg séé%p‘{ﬁg’, Wﬁ’cﬁg[fr{?ﬁeibﬁ H’ﬁgﬁp% r&ﬁeémé?)hf?gkt one
pressure ring 28. |ISF sanpling nodule 18 is adapted to provide a continuous
or sem - continuous flow of ISF to analysis nodule 20 for the nonitoring
(e.g., dOMSENt r at i'Yet anotberstechnignetfpr exftrackingkSE which tay bh caplayed sothepmpling he
| SF s arrprlngdule 18 is electroporation. Electroporation initially involves forming at least one micropore
to a predetermined depth through a user’s skin layer. The method for forming the at least one
micropore may use a laser or heated wire. Next, an electrical voltage is applied between an

electrode electrically coupled to the micropore and another electrode spaced therefrom.

[0046] By applying electrical voltage to the user’s skin layer that has been breached by a
micropore, electroporation effects can be targeted at tissue structures beneath the surface, such as
capillaries, to greatly enhance the withdrawal of biological fluid. A means for collecting and
transferring ISF can be provided so that ISF samples extracted by electroporation can then be
subsequently analyzed by analysis module 20. More details in regards to electroporation can be
found in U.S Patent No. 6,022,316, which is hereby fully incorporated by reference herein.

[0047] Still another technique for extracting ISF which may be used with sampling

module 18 is ultrasound. This technique focuses an ultrasound beam onto a small area of a



[ 0049] During use of system 10, penetration nenber 22 is inserted into the
target site (i.e,, penetrates the target site) by operation of |aunching
mechani sm 24, Fé Il_ge extraction of an 1SF sanple froma user's skin |ayer,
penetrat i ?‘r@f’r‘g P22 can be inserted to a maxi mum i nséfqVEHMEYBHY n the
range of, for exanple, 1.5 mmto 3 nm In addition, penetration nenber 22
can be wser’t skinieer.t Thopmber o€ pan reeptorowithin themlr@iound mpplécaiion sitedacréasesous or
sen -continuous _nmanner. In this rtﬁgard, enetration_nenber 22_can include,

for exatffheapplicotionaresdecreages, Thus, the applicatieaef wirasound toa very simall ars in

FI Gs. N JM | MowiRas] f LR Bendqi
di sposé%‘%g% \/%/eeééa’ﬂr# &ﬁg‘)ﬁ%‘%ﬂ zglotl p gﬁdﬁdﬁgz‘féggwgﬂ%ﬁg?sb@hﬁ?g ltzi‘-,mriuka‘ﬁdl es
f or usehigher iMOAGEEAVILIO riomIsdl Ilﬁ|gé fortdyecan be pesductdioeslly, es3uRing

i cation No. US 2003/0060784 Al

described in U S Patent Application Pub ) .
(U. S. Paxcawitatigpp, mechenies fmﬁ atiqys 18 theah®) itsejfpasiiprgedocalinedishendnd foscesmean can

ti |y i.ncl . h t sh in FlGs. 2),. di
penet r alnepree e 33 BecllSssont Fioe ok i3 oty ol e WL
depth gf th@fag%e[éff%%é?ﬁe IRWS ?ﬁord%%%d B# AlifaGind TaR apptdr€ to Aillﬂ %@Eﬁﬂaﬁ&nﬁﬁ%x‘ﬁw

control can beneficial duri he extraction of an sanpl e by
pr event ofigFi emtractiomt MMore ldeails ingregdrdb loowlttasompi cimbe foupd whUdhPaterd NalO WO

2004/ 10 1.US2004/ 018144 | ocat relatively, deep in a user's skin

| ayer, é%‘z?ﬁg-"étﬁ @3@??9}52@'*?&3%??@&3&%&#@8&&%@- of an extracted |SF
sanpl e, clogging of the penetration nenber or clogging of an anal ysis nodul e
by blood. Controlling insertion depth can also serve to mnimze pain

and/ or {BO4I8pnT or t As dugieted enPIEH 2Dthepattivatar dampling moduloi8 of sysem 10is, [ 0051]

Suc%-h a hub can, in addition to controlling the insertion depth, be |ocked

onto ( hewevssandsl spmphngmedule that mclydag)a penesatippmembend? K pangiatig a sareein

menber . of, i i vel y,
the nub ST Y BERE Y Sod SuARunPRERIAREIC s 1hRRE BRMEfech koo & el 07

contr ol prsaiie riag 98 ABS Fosampliag fodulel 18ds hddptaiorpgoVide d Contiuokd\er semiet rat i on
menber. [0052] Although FIG 2 depicts |aunching nmechani sm 24 as being

i ncl ude&ontipugasilow 65ISH e annlysis modnie 30der the maRERE (he-2eoncepfradion onal |y be

i ncl uded. in di I ridrisdage r. i controll er nodule 14 of
system %&a&ﬁ ?ﬁrf%ragl?ﬁfeoéé‘}'hdna%ﬁl%@n%It%ylr&;’e&:%%%hk' system 10 by a user,
sanpling nodul e 18 can be formed as an integral part of the analysis nodule

20. [0053] In order to facilitate the extraction of a bodily fluid (e.g.,
| SF) fr he t ar Puting bsecof system 10, penetration member 22 is inserted into the target site

(1.e., penetrates the target site) by operation of launching mechanism 24. For the extraction of an
ISF sample from a user’s skin layer, penetration member 22 can be inserted to a maximum
insertion depth in the range of, for example, 1.5 mm to 3 mm. In addition, penetration member
22 can be configured to optimize extraction of an ISF sample in a continuous or semi-continzous
manner. In this regard, penetration member 22 can include, for example, a 25 gauge, thin-wall
stainless steel needle (not shown in FIGs. 1 or 2) with a bent tip, wherein a fulcrum for the tip
bend is disposed between the needle’s tip and the needle’s heel. Suitable needles for use in
penetration members éccording to the present invention are described in U.S. Patent Application
Publication No. US 2003/0060784 A1l (U.S. Patent Application No. 10/185,605).

[0050] Launching mechanism 24 can optionally include a hub (not shown in FIGs. 1 or
2) surrounding penetration member 22. Such a hub is configured to control the insertion depth
of penetration member 22 into the target site. Insertion depth control can be beneficial during

the extraction of an ISF sample by preventing inadvertent lancing of blood capillaries, which are
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penetration nmenber 22 can be arranged concentrically within at |east one
pressure ring 28. Pressure ring(s) 28 can be of any suitable shape,

i ncl udi ng,_hu jmted to, annular. In addition, pr i ) 28 can
be config e%?“‘pgot"gjfjpl y an oscillating nmechanical force ?’?&Z’@”J“é’?@@ur e) in
the vicinity of the target site while the penetration nenber is residing in
t he useldcated stlativelyadezp in Susdy’sckii layat arainthersby denmetingy edultint dudingtdfienuse of

a biasing element (not shown jn FIGs.1 or 2), sych_as a sprjng or

etent | ERIsteGRF symplespippalpg pkihs panstiation PEHJ%GH‘ 0@‘%&%@#@ aqaiYﬁ%(f@@;d“?%by
sanmplin d . ' b RS mPR G t resent

I nventi glr?ggr ?Oﬁggé@g%ﬁpn ér%%gﬁg@?ggﬁgg@?‘ow wtth r éisagoerccﬁsc{ogﬁﬂ?&. 9-12.
[0054] Bxpicrieficedtsy adfseSdsingisd Of syefe@ssBire ring 28 is applied in the vicinity

of the target site TS, prior to penetration of the target site by
penetration menber 22, in order to tension the wuser's skin layer. Such

t [ t t,abj |.i th ' ki,n | d ti
Lo I o5 oSS bl ol Sk B oo R PR lockeL by
stabiligg ith) Ppresifife I%gr]a‘f{%h' Taha¥iBE ol Réei{enht@orpﬁ@ﬁbéﬁéddqﬁué%ﬁ% an

penetrati ng nenber” can be achi eved by pe ration depth control el enent
(not shappendagecifubiepressurestimg | Alernatbatiy, ¢helltib iiSelf bambgpemmdigueed to serste poth asont r ol
11 WO 20041107977 PCT/ US2004/ 018144 el enent Elests or "floats" on.the

sur f ace 2B fospyiion coniglmeans gud as 2, prgssyzg dog,follgwing fapnch of dhe peaghation | i ng
penetration.depth (also referred to as insertion depth). Exanples of
penetration depth control elenents and their use are described in U S.

Pat ent Application No. 10/690,083, which is hereby fully incorporated

herein by reference. |f desired, thelwg.enetrati.on menber can be | aunched
coi nci dﬁﬂSall y wi #thapgh Fikh 2idspictlawnchingraechanism2drag bsingtincludad in sappling ki n

| ayer, t . ' | 1L i . u i hani .| 0055]
onee petiii 8RB BRoBoblal % i iRl B8 inbiiFed 31054 SHERREIZ a8 gt
site Tiscabcdit@UbemoMit 15 bOYYRtcn16:| Ferthetmore, ®)sivtiplifyngilophém of SRERC10 By W | |
reside, for exanple, at an insertion depth in the range of about 1.5 nmto
3 mm beleder srmplingimeduleo}8 eandefornedasyy integtahpart ofthe apalysismgdule0t e. The
pressure ring(s) 28 applies/apply a force on the user's skin |ayer
(indicated by the downward pointing arrows of FIG 2) that pressurizes |ISF

in the \pgs3pi ty Ofiy bider tolfaéifiRkte i kRiractios WP B64iNPHLIBIEES W fiind tietiieel EUCEd
by the pressure ring(s) 28 results/result in flow of "I SF up the né€edl e and
t hr ough peheirationpiemigr 22 dal ke armngedcencaniyicilly withintlegstone piisome €dg 28y t he
curved %@g i mriaﬁrgfis)aglchg ot aerlxryrsg%’\tgblg fsha'EL,%ncl%&ihg but not limited to, annular. In

addition, pressure ring(s) 28 can be configured to apply an oscillating mechanical force (i.c.,

pressure) in the vicinity of the target site while the penetration member is residing in the user’s
skin layer. Such oscillation can be achieved through the use of a biasing element (not shown in
FIGs. 1 or 2), such as a spring or a retention block. The structure and function of a pressure

ring(s) in sampling modules (and ISF extraction devices) according to the present invention are

described in more detail below with respect to FIGs. 9-12.

[0054) During use of system 10, pressure ring 28 is applied in the vicinity of the target
site TS, prior to penetration of the target site by penetration member 22, in order to tension the
user’s skin layer. Such tension serves to stabilize the user’s skin layer and prevent tenting
thereof during penetration by the penetrating member. Alternatively, stabilization of the user’s
skin layer prior to penetration by the penetrating member can be achieved by a penetration depih

control element (not shown) included in sampling module 18. Such a penetration depth control
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[0056] ISF flow through a penetration nenber's needle is subject to
potential decay over tinme due to depletion of |ISF near the target site and
due to re i the user's skin layer wunder the pr ' s) 28.
However, W%}é@@ accor di ng to the present invention, ng@@ézﬁ?‘{édlgﬂ%ng(s) 28
can be applled to the user's skin layer in an osmllatlng manner (e.g., with
a predetemerrtms!dop?fkm}mthaﬂgfasyoﬁgleluser@skmﬂay&reamiamasl‘alanmrefosure ring

| t hat I d | SE. f | t
F bedbac RyRRMiRiCpaR At ep it ot s asetionRilth o ERpmp R of BEFTES RIS ayer
in ordeggfigy aememszaﬁd kel sk QK EHRERVEd ih .S dshkdnk %Phéiﬂi'ohr}% 1gmb 088t meh Bf

pressure 1 n an oscillati ng manner, t heré can I e periods duri ng whi ch

the pr éesby allyripdarpatatoy herom tgrm&scrfce ifi degifexl) thepeviettativeh membdicah be al
pressure gradient is remyved and the net outhE)w of ISF fromthe user's

ski n | ajasnches @mcrﬁenaﬂwﬁh[mlaqapon@f thedrensirs rng(s) & theruserss shie laxem thesd®i on of
aplurallt er's skin layer in the vicinity of
the tar 5‘& Pﬁ@?‘é{e“?‘{/@@gf@%ﬁ?‘? Fnegﬁ%nﬁnil ow of |ISF through the sanpling
and analysis nodules and Iimt the tinme that any given portion of the user's

skin layer is under pressure. By allowing a user's skin |layer to recover,
t he appli®@5&i on o{)npvpmtmt?emmember Zﬁshaslbhaﬂang:hndﬁnéhasapmtmediﬂméugtﬂm shes

on the yser's skjn and/ or dis 2004/ 107977
T Lo d8an atedietror SbaiatiGh dor3 of pstetniin BrRBRT LML HEC S df o
[110(S) of ShspftioR AepihGh tehhGbARBORAS b o Phom befbw Phe 62e bPfhe ber®s skirt e

di fference betwee glucose concentration i1n a user's I SF and gl ucose

concent syt atrthé target siger'The poéssae)ringés) 28 dpplisd/applyRSBice@ncthe amn‘rsmkmdam t he
present disclosure, one skilled in the art can devise a variety, ressure

ri g/ 3 y éindicated by the downwazd paistinganrews oif1Ce 2) et Rressupzes ISEn the ‘ﬂglm Qf't
bxcanpl o HIEHs; Aot phBalie SHAN itncRPyohe biehy? B € RTIRmITEY, |

that pr dhsuefISFapalidedd ahd tlrotgitthe Sapling hedidé to the halysis siodileYaibdigated ar get
S|te) for a perlod of from 30 seconds to 3 hours and can then be retracted
(i. P dhe susyadpndgpenrd peanting akoytar o BIG. Bot  bei ng applied to the user's

ski n Iayer) for a period ranging from 30 seconds to 3 hours. Moreover, it
has been determ ned that |ISF glucose |ag and a user's pain/disconfort are

signifi C[oow]y r ed S flowtiigduii € paisdlatibn Alermbeiendbdld i6 Subjbétad phlefiid decayl over
applied (i.e., the tinme gerlod during which at |east one pressure ring S

depl oyedimg dueitn depletioneefdSF near theytanget site awlinde relaxatipn of thegised nekimkayend t he
amount Of ¢ It.gg A nﬂn{‘;’& ﬁih Iji)r\:\en%%lrJ £ sys%ems according to the present invention, pressure

ring(s) 28 can be applied to the user’s skin layer in an oscillating manner (e.g., with a

predetermined pressure ring(s) cycling routine or with a pressure ring cycling routine that is
conirolled via ISF flow rate measurement and feedback) while the penetration member is
residing in the user’s skin layer in order to minimize ISF flow decay. In addition, during
application of pressure in an oscillating manner, there (':an be time periods during which the
pressure applied by the pressure ring(s) is varied or the local pressure gradient is removed and

the net outflow of ISF from the user’s skin layer is eliminated.

[0057} Furthermore, alternating the application of a plurality of pressure rings to the
user’s skin layer in the vicinity of the target site can serve to control the flow of ISF through the
sampling and analysis modules and limit the time that any given portion of the user’s skin layer
is under pressure. By allowing a uset’s skin layer to recover, the application of pressure in an

osciilating manuer also reduces blemishes on the user’s skin and a user’s pain and/or discomfort.
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rel eased (i.e., the tine period during which the at | east one pressure ring
Is retracted) is in the range of about 5 mnutes to 10 mnutes. A

particul a Lcial pressure ring cycle includes the | i cation of
pressure 5%52@ﬁ83%¢ﬁute and the rel ease of pressure for %9£ﬁ$ﬁ&#@§“48ince
different amounts of tine are used for applying and rel easing pressure, such
a cycl e AnadéiioasitRdeficial effSctaoT applyiipairédstreRinghs) 286n ki BSciBatigSnannePis Wat

Pressure ring cycling routines can be devised such that the foll ow ng

concer niSF glueossdagdiee the diffrencehehyeangugose songeatrationdn ¢ userdplShaad ghusosa ti me

[
period that jis.sufficient tQ. extract a desired volune of bodily fluid, (ii)
I nduci n60%35@9‘16?SWaﬁ%l?%@d%ﬁ?gc‘?adﬁat mtigates | SF glucose lag, and (iii)
m nim zing user disconfort and the creation of persistent blem shes. In
addition, pressure ring cycling routines can also be devised to provide for
seni - cof@058lious Smeéd spprisedakthe prosentalisclostrepemaskillddan theatpdredevise arvarigty
m nutes. [ 00601 ,Pressure rjing(s) 28 can, be rived of any suitable terial
nown & 9IRS TS SICLRE ToU O el sre topuce JOh BhEsse ke 2 FESLPRRIHORITS 05
can be Qf: Lyel L g I ' ' imted
to, acry gp\f@rg?fegﬁglﬁ?%%%%ﬁ%%ﬁr%%%hgfﬁoﬁgk%la?lg’rﬂlhgﬁéél n?gigg{gg%s Err%:‘t%gabl e
pl asti c deplbged @k., positiomet yuchnhatpbsidedl applRiad a Qsertskin Rgé: iaME Vibiaiigefa The
pressure ring(s) 28 can also be conposed of relatively resiliently
def or matdrgetisee)dor aperiadfifrom 39 seqonds 196t hqursandesnithen belGtreged (@4 positiored

PCT/ US2004/ 018144 el ast i C.. i als, I j t.erials, I th

mat er i abieh PR A RRE i Aloihe el RIS et ibebR R S cor
[00611 ABcontls &3 Biurd Poidtedderd Ribad Bsbnlittdritghed R IOF SlucbfAag indBusa’ be in any
sui.table shape, including but not limted to, circul ar, square, triangular,

C- $hape pait/discapdort A significantly restucedywhen the athountaofdimedwringswhiok pres9osE1 \When
I, 28. i bei ; t I ni m ] SE f,1 d/
D ont s o SRS B 16 Emelpenior Qi el e Lirsh e dreRsare athaits dpmlovedy b 4 range

penetr at&fﬁ@om&fon to abBHPI0 Rirf3!a8Y Bk dofbrint oftime Hﬁﬁh?’vﬂﬁﬂ:%ﬁéss gs target
site of the user's skin layer while the pressure ring(s) I's/are in use.
However reledsed (i dhstime petsicd)diejngA8hiah chelre least e presyed ring istdtiagad s bibhe
gl ucose | ag, .the penetration nenber, 22 cagn_ ipnternmttently reside in the
user's SWqg of aht> mpmuies iq 1 wimies &P”FE@P@%E@@WEP{?@S%EHB%P ¢ Bk er 22
can 0CC e £ipkiififon!oF pPHss b for Une GRAAGE ahd e Richddor ARG | PRithesP SREUT © BY
the pressu ri ng(s)p ;

different amounts of time are used for applying and releasing pressure, such a cycle is referred to

as an asymmetric pressure ring cycle.

[0059} Pressure ring cycling routines can be devised such that the following concerns
are balanced: (i) having the pressure ring(s) deployed for a time period that is sufficient to
extract a desired volume of bodily fluid, (ii) inducing a physiological response that mitigates ISF
glucose lag, and (iii) minimizing user discomfort and the creation of persistent blemishes. In
addition, pressure ring cycling routines can also be devised to provide for semi-continuous

analyte measurements that occur, for example, every 15 minutes.

{0060} Pressure ring(s) 28 can be formed of any suitable material known to those of skill
in the art. For example, the pressure ring(s) 28 can be composed of a relatively rigid material,
including, but not limited to, acrylonitrile butadiene styrene plastic material, injection moldable
plastic material, polystyrene material, metal or combinations thereof. The pressure ring(s) 28

can also be composed of relatively resiliently deformable material, including, but not limited to,
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[0063) In addition to, or as an alternative to, the use of pressure ring(s)
for mtigating | SF glucose | ag, various enbodi nents of inventions according
to the present invention can enploy other neans for mtigating |ISF gl ucose
|l ag, suchW&004W9%xanmpl e, a chenical neans (i.e., a | a§CHHRIYLE$H

chem cal ), ultrasound, nechani cal neans, heat, vacuum electric potential,

or a coaihMaid ARtelilig! SAYmeridmARREKFpolyethind WaRHalk AbteW nldtdplld, RilichsE 9l ucose
| ag are hypothesi zed to " increase the perfusion of blood and/dr ISF in the
vi ci ni t patsfials oecombinatiorsdberta nitigating | SF gl ucose |ag. By increasing
the localized circulation of bodily fluid, this increases the equilibration
rate of gl ucose between blood and | SF. 100641 A chem cal neans nmay be used
to mti gl ucogg; ] bs | yi

it gat RSB, Don oaf B qining SRR nERRRRC NG| AR AP Bl |
enhancesmEe,dnmﬁdihghntﬁtﬁmmarw, ciedlar) @qudre, MidngulprcOShaRa U-shaps dexaiondl)i ch can
performthis functign are capsaicin, histamne, natural bile salts, sodium
chol at eoctagoapl pnd serneligted sbabeat e,  sodi um deoxychol ate, taur odeoxychol ate,
sodi um gl ucochol ate, or a conbination thereof. In addition, all skin

per neati on enhancers and conbi nations thereof which are described and

ref er enpgg2pv t hi MyePprdsaire Ming(¥y 28 & Ringbeknyfl8da8 SniRindi3® 1S¥280w I8 hnd/o?

hereby 1 ncorporated by reference herein) ‘are suitable candi datesS for use.

The chenduizpl thedlomsof Sy theough therspmplingand analysisimodaes pentiralimpmegmber 22

PCT/ US2004/.018144 . | si.on, |t Ll f I mpl e..and di t

nppl i catoRePRepiones Biiy fefdiping theYirgel Sig Betiie’s sl Tt bBAS tirabesin sucn
fI : e i TR

as eeﬁﬁ%%g%% Anoqge' PlobRber, ?Vgl?ﬁ ﬁﬁeéé%?e : %8 S@E gﬁagggngi’dyed A L) WS

appl i ed. t her means tigati I"fag 1s tO use

ul t r asoghudoselkg, tegenettatidnagembéri 2Jakhn ngetdtténtlyqeside imthe iser’stskin lapgl Saehi on of
ultrasound to a target site b | aci ng an.  ul trasqund, probe adjacent to the
target dtermulient sideRce Qfdhe genchiation w@gyr 220691 W@ex inrag pupplcongert withithged

anmount : %m{e . sit.@ causes | ocalized heati ng which in
turn he %psl%éﬁ;flgate y%?ﬂ%g%%gha%k}ﬁn certain enbodi nents, after
mtigating glucose lag, the ultrasound probe can then apply a second
pre-deternm ned anpunt of ultrasound, which is greater than the _first

pre- det @863hed anbuaiditiongos erasiapaliemalivectocthe psgef prassyre nngks) forymifigating JISF

nbodi t, t ; f he f ' f..m ti
o1 o os o Epselli; vatkos/ R R 8P FuBlon i A o P BresiihocRilof a9 | "9
t echni qe@kr Mefnsifor MitiratiB ISP lublse 152, Such3k, f exansle, a chemical means (i.c., a lag

mitigating chemical), ultrasound, mechanical means, heat, vacuum, electric potential, or a

combination thereof. In general, such means for mitigating ISF glucose lag are hypothesized to
increase the perfusion of blood and/or ISF in the vicinity of the means used for mitigating ISF
glucose lag. By increasing the localized circulation of bodily fluid, this increases the

equilibration rate of glucose between blood and ISF.

[0064] A chemical means may be used to mitigate glucose lag. Such chemical means
involve applying a lag mitigating chemical to a target site (e.g., a the user’s skin layer) to
enhance circulation. Exemplary and non-limiting chemical compounds which can perform this
function are capsaicin, histamine, natural bile salts, sodium cholate, sodium dodecyl sulfate,
sodinm deoxycholate, taurodeoxycholate, sodium glucocholate, or a combination thereof. In
addition, all skin permeation enhancers and combinations thereof which are described and
referenced within U.S. Patent No.’s 6,251,083 and 5,139,023 (which are hereby incorporated by

reference herein) are suitable candidates for use. The chemical means may be incorporated into
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5,458, 140, each of which is hereby fully incorporated by reference. [0066] A
further neans (technique) for mtigating |ISF glucose lag is non-oscillatory
mechani cal_ _nani Iatlon Such nechani cal mani pul ation ¢ | nel | 1ing or
pi nchi ng O oy 8@ site, adhesives which bring about ta}&g{@f’@gﬁg@?etchi ng
by neans of pulling, and devices for inparting vibration to the user's skin
layer (hnBmuRion%R ebaeallb® fbf ASHEHUCAID dire HEdtion of IRACHE midaP melEN) Il at i ng
target sites are described in U'S. Patent s 6,332,871 and 6, 319, 210,
each of additiom;lan abstatml $uchian ﬂowqammmsww%tﬂlmnﬂw an{@@ﬁﬂflcmcai
further neans f i gatl ng glucose lag is the use of heat. In such neans,
a heatlﬂﬁaﬁm Se?Pgle "a resistive heater) can be applied to a target site
(such as a user's skin) to enhance the circulation of bodily fluids.
Alternatively,, an infra-red (IR) source can be enployed as a heat source.

I n such[@e8pdi nenAsothar nwmsefoamuI9tmg Iﬁ%gluwselgm&e&etﬂtrmﬁnﬂ eUltfasdurgin
appropriate, anpunt of heat pplied . to the user's skin Iayer such that the

t r eat melRg Miigatmgie @m«wm%vet %amwcmi ‘{1%?9‘1%@ ajkarsst sitePyoplaiag g

I gene LR grSidikEnoTitalect ilte 0 AT il . BRI Rl ™ 70

such t h@ttehrhiged m&lﬁntﬁbf alttagouriie ItheWan‘ébt éilemaudéell{wahﬁedm{lﬁ Wwhithtif mrﬁhs!gs cation
of heat to a tar site are in U Pat ent No. 6, 240 306 and 6 5,992,

each of mmzaetml h@sehqg iIp certain eabediments, aftqrmlbgatms@umhg, the uifyasound

2004/ 1079 04/ 018144 68].5till anot he ans fop m t | gating
'SP gi UERE PLepabpia s fre-gePied Ehpunt of SRRt ichit BRnlep g g 72 ch
a tar gelfg| hﬁde(t&%ﬁﬁe@én&dﬂ,&@ Ifaéhtﬁdeltﬁb &x48fidn of MSEE Nini sBicht A SmB&fimdhdthel N

m tigating I SF glucose lag. In addition, the vacuum provides a negative

pressur altmmm@romeaforma hothabé functomref misgatng glacese dag dndaxirattingtI8Fget site.

6. 155, 0§UHtkgARIAS resHREE Byefonsd ilBigpuent n b3 PERH PSR sedhensandon] stii1

yet fUrbjhﬁ@ﬁﬂ%ﬁh@%hﬁhﬁéﬂ&&%ﬂ&ﬁﬁoﬁiaﬁﬁ% By teehcs, Lhe use of an el ectric

potential. 1n such a circunst air el ectrodes is, for exanple,
used to apply a current to a target site (such as a user's skin |ayer). The
current _stinul ates ve cells and |ssues in way that, enhanges

circul at and nﬂ&&&?@e%ﬁe gor maibigat ghygose lagjis, Bon-ps 1Y3,

anal ysi g, dRAHES nfadipiiationS SGoR ﬂngcﬁaBﬁJaPﬂﬁxﬁpﬁ‘laﬂbﬁ Edrl B8O Puliih8r pinching a
target site, adhesives which bring about target site stretching by means of pulling, and devices
for imparting vibration to the user’s skin layer (i.e. piezoelectric transducer). Mechanical means
for manipulating target sites are described in U.S. Patent No.’s 6,332,871 and 6,319,219, each of
which is hereby fully incorporated by reference.

[0067]1 Yet a further means for mitigating glucose lag is the use of heat. In such means,
a heating probe (e.g., a resistive heater) can be applied to a target site (such as a user’s skin) to
enhance the circulation of bodily fluids. Alternatively,, an infra-red (IR) source can be employed
as a heat source. In such embodiments, a temperature probe can be used to ensure that an
appropriate amount of heat is applied to the user’s skin layer such that the treatment is
comfortable to the user and that the duration of heat treatment is a relatively short time interval
(i.e. less than 5 minutes). In general, the applied heat must be greater than 37 °C, but not too
high such that the user’s skin layer will burn. Details regarding the application of heat to a target
site are in U.S. Patent No.’s 6,240,306 and 6,155,992, each of which is hereby incorporated in
full by reference. '
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302, a plurality of mcro-fluidic networks 304 and a plurality of electrical
contacts 306. Each of mcro-fluidic networks 302 includes a first passive
val ve 308 e sensor 310, a waste reservoir 312 0 ssi ve
val ve 314“@%@&£H$%ﬁief val ve 316. M cro-fluid networks gginﬁﬁﬁ%ﬂﬁﬂ@?channels
Wi th a cross-sectional dinension in the range of, for exanple, 30 to 500
m cronmeters. For nonitoring (e.g., nmeasuring) glucose in a flowng | SF

of essentially identical mcro-fluidic netwrks 304

sanple, a plurality (n) | )
(alsor E\Oég]r ed t ootkyelanetber means dorcnitigating Bdieluense lagds theatse ohvagamy fos

T2 oeBmp, Thhk bR it reel Sl budROL NGy Bk Tyl BT Brh TR
control jpl ﬂﬁgﬁt'iﬁ@’!SF@ﬁé@?lag@Mhdﬁﬁﬂi&, mdstab@uxa@m{i@éﬁlﬂe?ggﬁ/\»ee pishR¥ofircg! ucose

sensor known to those of skill in the art can be enp in analysis
nmodul eswhishsauifagijitates ISkexiractianifrom ithedargebsite. Thempplication obvacum todargetont ai n,

for exapple, a.redo ent, syst Locludi ng an enzynme and edox active
conpounﬁ%%)‘s W@ﬂﬁ%&?@?‘ E\IR' ggrlsg? 920‘?’1"5%51% tm‘ﬁ%ﬂ‘?"ﬁeal‘%ﬁgb@' known in
the art g5kl as ferricyanide, phenazine ethosul phate, phenazine

met hosuf fat e, phenyl enedi am ne, 1-nethoxy-phenazine nethosulfate,

2, 6-di met hyl -1, 4- benzoqui none, 2,5-dichloro-1, 4-benzoqui none, ferrocene

derivative osm um bi pyridyl conpl exes, and rutheni um conpl exes. Suitable
enzyrres[W§I the A&kyst f{blfth@%%@r mHtgHmedSE ighegss lag i the usaefianplectsig

limted .9l ' nd._1 1.0 0

dehydro et%%%ag' %bcs%té ﬁ a%ﬁ@%@ﬁ%ﬁ%&%ﬁ@ 1702 é%%‘gg{rfg“g g& ?%é%’wngﬁeél t Eﬂ esent
in the aefdge sité Gagdenta siyatsskin gdr) dBhdxifrient sthgulage Réve celltand tibids a6 ARAKE,
ci{t rate, malic, nmaleic¢, and phosphate buffers); divalent cations (e.g.,

cal ci unihehewbness cirgHatiopapdanitigates foglpensp lags ur f act ants (e.g., Triton,

Macol, Tetronic, Silwet, Zonyl, and Pluronic); and stabilizing agents (e.g.,
al bum n, sucrose, trehal ose, mannitol and lactose). [0072] In the

Ci rcuns{guTeF t hat Refeifing & BIeN)SOinabkil théddd 28 besstear ARIudad 2 BREMAIGh Hagse
sensor, glucose sensor 310 can produce an el ectrical current signal in

r espons 02, plwrality of sdexoefluidic ngtworks304 andzaplinshtysefigidctrical candacts 3. rEachof

dule 14 .1.h ' t.h |l ectrical t ' | ' | ectrical
Cont act Suerbaidif AsR0L infrbfesadiripesie it S heatiore fnstr S BoB vEe sy ot em
10 can hee.RER3EY80ebORd pRGVE FMIVE BUPMRI PRAEPVAIFETI6. MiTrd-AURURtwIHRE S4 ement

(nonitoring) of 'glucose In an | SF sanple for a period of eight hours or
nore.  include channels with a cross-sectional dimension in the range of, for example, 30 to 500

micrometers. For monitoring (e.g., measuring) glucose in a flowing ISF sample, a plurality (i)
of essentially identical micro-fluidic networks 304 (also referred to as sensor branches 304) can
be included in analysis module 20. Distribution ring 302, first passive valve 308, waste reservoir
312, second passive valve 314 and a relief valve 316 are configured to control ISF flow through

analysis module 20.

[0071] Any suitable glucose sensor known to those of skill in the art can be employed in
analysis modules according to the present invention. Glucose sensor 310 can contain, for
example, a redox reagent system including an enzyme and a redox active compound(s) or
mediator(s). A variety of different mediators are known in the art, such as ferricyanide,
phenazine ethosulphate, phenazine methosulfate, phenylenediamine, 1-methoxy-phenazine
methosulfate, 2,6-dimethyl-1,4-benzoquinone, 2,5-dichloro-1,4-benzoquinone, ferrocene
derivatives, osmium bipyridyl complexes, and ruthenium complexes. Suitable enzymes for the

assay of glucose in whole blood include, but are not limited to, glucose oxidase and
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However, conventional glucose sensors that can be economically mass-produced
provide an accurate neasurenent signal for a lifetine of only about one
hour. In order to overcone this problemof |imted sensor |lifetime, a

pl ural i t yWOROPVYY7f1 ui d networks 304, each contai ning 5&“‘55 A014 g1 ucose
sensor 310, are provided in analysis nodul e 20. Each of these gl ucose

sensor s deliysdrogemdse (lmdh NAD andRQEchas¢d)e Otteisebstineepthatmay be presént iroihs redodt/ or

sem -conti nuous npnjtori . for a period of npre than, one hour 0074] The
consecufgagent Sgsery inclygle uffenpg @gq.’:'&fgé-@%%@%(cétﬁ%ﬁ malic, gm}epw@aﬂc&gﬁtgd of

tinme, SUﬁﬂe@ﬁﬁ&'ﬁEnP&%}xs DLt cﬁﬁﬁgé %ﬁ‘ﬁ%alg% it Chlotd -'sﬂllt&fént&?&a%“r ement
of gl ucose: € consecutive use of Ide€ntlca g‘QT ucose sefisors can'Q

i mpl ememtiash, MacelyTelrditc, Bitwot,Zonyl) gnd Plivorit); ahdBStabiliginy a m@.%,rmmﬂyl e
towards a glucose sensor 310 for a period of tine, followed i nterrupting
t he | SFsdroag trehalasermapnmeband etasa)r and switching the | SF flow to anot her

gl ucose sensor. This consecutive use of glucose sensors can be repeated
until each glucose sensor included in an analysis nodul e has been used.
[0075] 'Tftprapw  CNicf o efrcrifarlcBind: pfitdeaefiR 326  dnBlodio G Afcat ARApRacoRN D
acconpl ished, for exanple, by thefollow ng procedure. Upon initiadlization
of anal gpaiser, gheodessensdd 310 nanl Bedscampl edectricahcwsmp bigna intatpomse 18 theprelence ofbut ed

via distyibution_tin 02 to."n" sensor ranches 304. ver, the flow of
'Sk s Bcben 36 IS5 Shple Lol oS modudf 2o e arpop the HednoihGDems, 107977
PCT/ US2 : f%*n‘ ' m) : anch. To start

t he neag%;ﬁé]ggﬁge 0 %*%%a'se, a ég?gﬁvgglﬁgg)nlggﬁ%@%]c ng}faéfé ivated by
opening the relief valve 316 of that sensor branch. The process of opening

a selected relief valve can be electrically controlled by Iocal controller

midul e 10073} whi chSrdemnificanbe employed tos the eantinpesis and/op senyi-gondipeeusy | calh
Cor ot Tt e RRERLD Bt st 415 b ko BP e o el 02 15

initial 'y presen efsor y seal ed)
escapes Hijwenty, Gotivefioral SlubselseRsofMaiian e 20661bnE0Aly Bfd-préducad gﬁﬁritietan | SF
will flowinto that sensor branch 304. As the relief valves 316 of the

ot her s@p@uiic measiesraent sipnal fop adifetime of Yaly abogbonedpour.s Imprderte @versome dis onl y

Cut £1 ci SRNGH PLEEE G R iyl A APGLRLEIREN Yoot QSinaine o,
f1 0wt Owfntical Gidsas@nSsH 310/ ard pbvidbdTh By &S MBI RONBcl 5f e GKeSE dnors

created by gl'ucose sensor 31 comuni cated el ectronicall'y via
el ect ri isémployadioasos@Gulive mhmnek dxprovide continuous and/or semi-continuous monitoring

oD
o

for a period of more than one hour.

[0074] The consecutive use of identical glucose sensors (each for a limited perioﬁ of
time, such as one hour) enables a continuous or semi-continuous measurement of glucose. The
consecutive use of identical glucose sensors can be implemented by guiding an incoming flow of
ISF from a sampling module towards a glucose sensor 310 for a period of time, followed by
interrupting the ISF flow to that glucose sensor and switching the ISF flow to another glucose
sensor. -This consecutive use of glucose sensors can be repeated until each glucose sensor

included in an analysis module has been used.

[0075]1 The switching of the ISF flow to consecutive glucose sensors can be
accomplished, for example, by the following procedure. Upon initialization of analysis module
20, an ISF sample from sampling module 18 is distributed via distribution ring 302 to “n” sensor
branches 304. However, the flow of ISF is halted at an inlet end of each sensor branch by the
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controller nodule 14 (as depicted by the dashed arrows in FIG 3). ISF
continues flowng and enters waste reservoir 312, the volune of which is

pr edet er nj_ne that it can contain an anmount of IS i.val ent to that
needed th ‘aﬁﬁé% %g%%gﬁfoﬁlgl

gl ucose sensor's lifetine. For exanpl Hver age
flowrate of about 50 nanoliters per mnute and a gl ucose sensor |ifetinme of
one hofirs; paskige valve 568 of each semsor breach; dT'o st@rt thevmedsorehenbpigloodaserd selegted

mcroliters. A second ssive valve.314 is_ located at the_ e of the waste
r eser vofefsey ppanc %a%e@ﬁﬁ’mawg evglisfaalye 316 Pg%ebWﬁg@wh 3&@@5&@9&1@ f1 ow

O L5 o BB 3 DR GRolB GPBEUNS, Bl el o 510

of anot ensor ~ branc y ‘openi ng 'S rellef val ve

316 (whivtifth eammin@icates it dnatyeld nvadule ZovinelRcRithi catdls 3068 Updadpesiagbf 8l | er
module 14), ISF will flow into the corresponding sensor branch 304 after

br eachi redjet vabver 3165 gasiaesiain thagisvaitisppresen i theisenson branele 3 (whiehisc h.
Thereafter, . the gl 0 of..t hat h will i d
roas.r ehmetety fafedames SORCuE et o ns i iHaRh A SRR s e IBE W 2 o
unti | afybyw R0k séisarbiageh %} A the faley $A15edPEHIhOthe RSO BRARAYSHA.  For a

systemto provide about eight hours of continuous glucose nonitoring, about
ei ght srenwsdn clbsednthedSF f0allomieli|to Bewrantyuintcetlie selectedéensordbramadu804. 20. It wil |l be
appreciated by those skilled in the art, however, that the analysis nodul e
20 of disposable cartridge 12 is not 18 WD 2004/ 107977 PCT/ US2004/ 018144

limted i ght f'ﬁéﬁéjsu

desi gnegh?g]erreasure p{g‘?{l}ggg??gve sﬁgl%ﬁ&gﬁ%g%g& g&%ﬁ%ﬁ%ﬁ er; '{aﬁan
ei ght heill, sher¢fofe! Bpwl tbwakls glutolesensir 840t Aahedtktineat sigm dudubsckfieidscrediod f ar
bﬁgn descrjbed as being external to the_ body B. In an alternative

e

odi nBngluggse sensps 3 Land-eammanpigatedele¢ironigally aja elegtrical gentacis 386 tothe lacal

dule . . _ J
el ude 2ok SERIEHE as ST, nF aRAEA o ln FICE oY “IF FRANS SHSne RLG", e
body B &iters wastéaeqeioir 318, thevobuihe of whielh iSpredst@inindd sael vhabit caPubiitaihlag

continuous glucose sensors include those described in U S. Patent No.'s
6, 514, 7agoum of ISF amivalent 1o thapseeded thrgighshe glngosesenrser’s lifetipg. Foriexamplectty

i ncor pogated inafull b ef.erence,. [ 0080] Suc l,ucaos e .S _can _enpl oy an
enzyne. B EfeRCni s & b 0 RG oy BB et B S R RerdB R gne T ot
Wi th anhegTihe Folu@stoot wisteRBveIn 8 02 Foltabé iapprofinefély Bdficrdditérs - A second

passive valve 314 is located at the end of the waste reservoir 312. The second passive valve 314

is configured to stop the flow of ISF.

[0077] The procedure then continues by opening of a relief valve 316 of another sensor
branch 304. Upon selectively opening this relief valve 316 (which can be accomplished via
communication by the local controller module 14), ISF will flow into the corresponding sensor
branch 304 after breaching the first passive valve 308 located in that sensor branch. Thereafter,
the glucose sensor 310 of that sensor branch will provide a measurement signal to analysis
module 20.

{0078} This procedure is repeated until all sensor branches 304 of analysis module 20
have been used. For a system to provide about eight hours of continuous glucose monitoring,
about eight sensor branches 304 will be required in analysis module 20. It will be appreciated by
those skilled in the art, however, that the analysis module 20 of disposable cartridge 12 is not
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functional crosslinking reagent such as an epoxide or aziridine my be used
to co-imobilize the enzyne and polyner to the el ectrode surface. Such a
gl ucose sensor can neasure glucose wthout the additio gf any freely

di ffusing r"eﬁ’&‘g?’wgﬂand can transduce a gl ucose concentrgpi R0y 44
proportional current |evel or charge. [0081] O her glucose sensors can

enpl oy Hmitediyight Seisbr Bangies and that) XietefoR, tHeWyStbinl dasi &6 dedigfedao Yakiird ISF
el ectrode. Typically, a bifunctional crosslinking reagent such as

gl ut ar aBgesp 315§0 ger(er gveRshertar,ban pighthoiysre to the working el ectrode. In
such a glucose sensor, oxygen is converted to hydrogen peroxide such that
t he hydrogen peroxide" concentratlon i's proportional to the glucose

concent [ga7910n. The skyild BERsted BlaPiatiRis rodu) 18 R Wbd HF bédn dederibe Qs bk g
el ectrode so that a current magnitude can be ascertained for determning the

| evel oéxtemal todhebmalyd. pincaoalternativd @bodjmaazqf a'sgstemraocdrdingdod thequesestensor

enpl oys, a npdified bea uch as bead) that an_be i anted into
The. oup BBy SRBE ot Rt Fmpious (Homr s araos ﬁﬁénérchnl&gé
transfe 5}@%&? | ardi ng
such gl c%?gﬁartr‘g%ﬁft ors are’ B{l EIB% *@{%ﬂ#qﬁﬁ?parﬁngw%% d‘?‘@yﬁgﬁg

whi ch aésanipdes, @ity aisabautaRoed hybrw bod)eB)arﬁﬁmbldwnﬁnmbus Jgﬁld:ﬁ@ s’éﬂﬁb@é i&ﬁﬁm
PCTI US2004/ 018144 0083] controller epicted in
si npl i f thege daserihed 11??tqrqt élo aﬁﬁ%é’é@ 6%%%%6]@@782 &53@91365%321)@%@% a

mechani 4 tronlc controller 404, a first data
di spl ay%%%%?%%gﬁg@éﬁ@ﬁ%{%%% hm 408, a first data storage el enent
410 and a first RF link 412. [9084] Local controller nodule 14 is

co(.nfigur ed such that it can be electrically and nechanically coupled to
di sposamﬂ]:art ri Ggch mmisensmwnméﬂy mmymngpuphewgmg@semmasmwmbl e

trid t b hed t 0.y, | t t
Cont r of AEfgase corina ghza vk et Atk Pitimar Saitye SockiD BbruoEa A P gge
12 are ﬁﬁi&ﬁbx%'h%@slﬁﬂkﬁ{g redlRht $RRYs EREpdAEde FbRMMRImEPLE R4 o ifoBilize %ie by,

for exanple, a strap, 1n a manner which secures the conbination of the
di sposabimandpoljgmrMﬂnmltWoMurbmtS@hla@lumdmmoﬂehnamasum@amsaer s skin.

roasur cMERpPHE S i OY SR G Lo esnehnt o oSG hBbEesnsgpesaaton - |
Communi @b thprﬂidﬁﬁP&ﬂeﬁ?l%%lQﬂ Rhdegd.! €r

[0081}] Other glucose sensors can employ an enzyme such as glucose oxidase
immobilized onto a2 working electrode. Typically, a bifunctional crosslinking reagent such as
glutaraldehyde is used to immobilize the enzyme to the working electrode. In such a glucose
sensor, oxygen is converted to hydrogen peroxide such that the hydrogen peroxide concentration
is proportional to the glucose concentration. The hydrogen peroxide is then oxidized at the
working electrode so that a current magnitude can be ascertained for determining the level of the

glucose present in ISF.

[6082] Yet another glucose sensor employs 2 modified bead (such as a latex bead) that
can be implanted into the subcutaneous layer and which uses fluorescence resonance energy
transfer (FRET) technology to monitor giucose. Additional details regarding such glucose
monitors are in U.S. Patent No.’s 6,232,130 and 6,040,194, which are hereby incorporated by

reference herein.
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nodul e 14 and di sposable cartridge 12 takes place via electrical contacts
306 of analysis nodule 20 (see FIG 3). Electrical contacts 306 can be
cont act ed bg contact pins 708 (see FIG 7) of the |local_controller nodule

14. El ect MWW {al s are sent by the local controll er PrddimR04PAsisg
anal ysis nodule 20 to, for exanple, selectively open relief valves 316.

El ectri msi gnal 5;&,]% | HEQER Fﬂﬂmt | Q] I npl e
are then se]nt by t cgfana gﬁb%%3F§% thes ocal c%ﬁ(%ﬁrfg&?gél:%&l e. First
el ect r ocontrolerhodilé 4 inthles amechanitat codtedler 402 adirst ebactrosicrognirblier 404l
control Ler ~al gorithm408 and displ ays neasurepment data on a first data

di spl aylibdat a‘;ﬁP]éVl 4062 Ip@aégg%trqfewlagpﬁga%g -y firpt fatastoraggelem PRfEfslyat a
(e.9., kP I4%ose concentration data) can be stored in first data storage
el enment” 409. F'086] Prior to use, an unused disposable cartridge 12 is
inserted into local controller nodule 14. This insertion provides for

el ectrical communi cati on between di sposable cartridge 12 and | ocal

cont r ol 0984hpdul elam! contieliermadala 14 isermfignted suapthat if carrke ¢lesirgallyamndr ol | er
dul 1 | hol t he, dj trgd 12 . | i f
Tt b mEChaRfg Y POty Berpic A RARE T “ThE LS Goline Prsfifiestar "0 V¢ ©

d ? . . H H L .
| Spos afikposahie Wi 1()2;?9 ?P'é%‘f’“% mcﬁéziecoi&F.? ifbrtdd ¥rd) 36at c&ﬁ!n%llh'il%ﬂﬁule

receiving an a fromthe use a neasurenent cycle iIs
i nitiat &4l bycal conttollet modulod# and disposableanrtddg 12 jve corsfiguned such klat iley cak be WO

2004/ 10797 CT/ US2004/ 018144 enetration nenber 22 js |launched into the
user's %%"g"‘r Siﬂ%"%?&’?eﬁ yJor example. dtranyia a mannse which seamsesghe i i ¢ at ed
ei t her N e oni : £l i | AL t by
the. usermyin A REREARe SARR na i PinrEEHRR AT Bt S il
cdnfigured to provide bi- directional comunicati on between the |ocal
controller nodule_and a renote controller nodule_ 16, as depicted by the

j agged H988lis of Prring use of system 19pkrst lecironieepnzgllerA04 sontipls thevmepimants a

; g ) N o | ;
'he- oyt STEbSlfiihoaddle 2o opRicBed affe, Quiitbibn oBfrl 106G borblebl® .0
st or e nBRdhleqdRnd dépbsbld daffidg@1Zltakes piatevia eletirichlcobRBINB0E Of hfalydis Module

di sposabl e cartridge 12. For exanple, local controller nodule 14 can be
cont | guPGes By BlactricaheantasisHil ran e ganicied bycontastpiiss Ofdsrai G. Drwiithe o an
| SF or bl god glucose: ¢o tration val ue, 090], ElG .5 .sh iLoplified
bl ock. ol QRO BTG OF b BeH b Erent B ol Courn B 83 1346111

analysis module 20 to, for example, selectively open relief valves 316. Electrical signals

representing the glucose concentration of an ISF sample are then sent by the analysis module to
the local controller module. First electronic contro}ler 404 interprets these signals by using the
local controller algorithm 408 and displays measurement data on a first data display 406 (which
is readable by the user). In addition, measurement data (e.g., ISF glucose concentration data) can

be stored in first data storage element 409.

[0086] Prior to use, an unused disposable cartridge 12 is inserted into local controller
module 14. This insertion provides for electrical communication between disposable cartridge
12 and local controller module 14. A mechanical controller 402 in the local controller module
14 securely holds the disposable cartridge 12 in place during use of system 10.

(0087} After attachment of a local controller module and disposable cartridge
combination to the skin of the user, and upon receiving an activation signal from the user, a

measurement cycle is initiated by first electronic controller 404. Upon such initiation,
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of system 10. Renote controller nodule 16 includes a second el ectronic
controller 502, a second RF |link 504, a second data storage el enent 506, a
second d ' 508, a predictive algorithmb510, a a bl ood
gl ucose f?é@éﬂi"@ﬁlé%%’ system (adapted to neasure bl ood ngg}&@édpfftﬁﬁf"zi ng

bl ood gl ucose strip 516) and a data carrying elenment 518. [0091] Second

el ect r ornetratinntmehberr2259 RBuhched dwtp tlecuseo's ekintayet towstart I8Fssaoplipgn®he s  of

renote controller nodul e 16. Seconij RF link 504 is confiqured for .

bi - di r SRVRGHHIE can g inftiated sthes By lirttislackanic sentrolles A4 o1 bmerinifebinieragtiondy,
second gE. Link 504 can receive | SF glucose concentration related data from
| ocal controller nodule 14). Data received via second RF |ink 504 can be

val i dated and verified by second el ectronic controller 502. Furthernore, the
data so received can al so be processed and anal yzed by second el ectronic

cont r ol 10888502 arkirst RFdinkdt120f decgbenntrgermedide 44 és eonfigened iGp®Vidsif ut ure use
. 0., fut dat t L. | b f ' di cti | ith

S0y, " e SPiRunisfiog Beed 8 IR EFartion RS fnd d indle vattolr Ay o

exanpl ejg @s aéc}ﬁaba E¥ teGaglicdRidws 6P RGO Y hRE 4T ThRIRIEntORESHLAIE Hcofdtsted N 2

convenient format To 4 User and to present an easy to use interface tor

f ur t her a diaval imdicrre(men ta. mulficolo EDPd k@ ify the PaeMISREOMGfahSdy$tem.[ 0092] The

| ocal controller nodule 14 is adapted to communi cate via second RF |ink 504
to a renote controller nodule 16. Functions of renote controller nodule 16

I ncl udem% di spy %i Bhtr ' [ i dat a
in a prgse abl e an con\?g%%h@ge?g%n%@ggéaﬁﬂgcﬁgggﬁ&ﬁg%ﬁ?@%ﬁeﬁo er
nmodul e &k6m¢an telimteraptively camamnicate ditl, dispydadleaartéidgt 7. Fotiekamplel oralal ar m vi a
al f\r m 512 for warni ng the user of deleterious glucose concentrations. A

fu E

t her cqntioBer wadule 14 sppbecanbignied|to eonvieg duneasysmest signakfigm analygisymedule bl ood
gl ucose,n ¢ e t, ) S] I se neasurenent system 514 and a
single %%g@%@%&%&é@o@%g@frggtg%tg)#{éfurer p 516. Bl ood gl ucose val ues
measured by bl ood gl ucose neasurenent system 514 can be used to verify

bl ood gl ucose val ues cal cul ated by Eredi_ct ive al gorithm 510. Renote
cont r ol [0088hodul eFliH Schowa h stnpliied gligasain depiphingAethotd eomingenmednle il6i ¢

dat o t_t \ t f. m.nd d di t t t d d
par ced. ofsabe TR Rrsba comfat Pofuls T arailks o econHaciBp@irobGol? B Sh e o
and to gRFRMREGAKS04V dcbordEah stﬁfé@{s erahieﬁfsdmgéo%naaami%a)y 50&&@{531@&&@9

gl ucose neasurenent data from |l oca controll er nodul e
cont r ol hlgorithortl0p ad 6larn 3¢2.6f bloed glucese intkasurementesystomt(hdaptesi topheasure blood

glucose utilizing blood glucose strip 516) and a data carrying element 518.

[0091] Second electronic controller 502 is adapted to control various components of
remote controlier module 16. Second RF link 504 is configured for bi-directional
communication with the local controller module 14 (e.g., second RF link 504 can receive ISF
glucose concentration related data from local controller module 14). Data received via second
RF link 504 can be validated and verified by second electronic controller 502. Furthermore, the
data so received can also be processed and analyzed by second electronic controller 502 and
stored in second data storage element 506 for future use (e.g., future data retrieval by a user or
for use in predictive algorithm 510). Second data display 508 of remote controller module 16
can be, for example, a graphic LCD display configured to present measurement data in a

convenient format to a user and to present an easy to use interface for further data managernent.
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and conveni ent platformfor managi ng gl ucose nonitoring-related data (e.qg.,
storing, displaying and processing of glucose nonitoring-related data) and
can be us t ' tune therapy (i.e., insulin adm ni ' Functi ons
of the reﬁ'&@g‘g%’hﬁgol | er nodul e 16 can include the gat h%&i ﬁ}gs,b&ﬂ?g%solﬁng and
processi ng of | SF glucose data and the display of the blood glucose val ue
cal cul af@092] f r om TBFlghleagelletahaduldBl4 isndapted toadonrwsicat viasecdndRiB link 504 not e
controller nodule 16, rather than local control]er nodule. 14, the size and

conpl ex#q yresrots epmtrollenmogule 16, Frardions ofrpmgtc-contrglerpaduled leth¢ desired,

the re t Lol ' LI nati vel
per  or malSPISy R oty ind 1RO sfng 140 bR e T o DR S Rl 11 ¥
measur efigtat fr theéwseh| Radoglconwsiier heydele li6rtan alth pastigasm{aadibledSisualing

gl ucose neasurenent system 514 is provided as an integral part of the renote

cont r ol Vibrataiy) alagm ¥ alameS 1 06 Waging te asered deleterions ghigeeceneniraione A a

measur e t. Wth a bl ood e rip. 216 whi ch b d sanple (e.g.,
- ar op St BseloR of RpRis cohodfigeRodi 18} 3b Bropfite s ot B8R™ bcur enent
can be %@ﬁﬁ%ﬁ&@&bntlﬁi%bls&ﬁ ¥k WRasirahent!sodted 514 ahd 8 dinsld 16 blcdlddidokdm S10.
22 WO 2004/ 107977 PCT/ 1JS2004/ 018144 [00951 Renote controller nodule 16 can

opt i onamepsurementstripd 1. Bloodglweeanluenmeasured bshbiobd ghicasegneasalemennsystencat i on
port (n shown in FlG, . Suitable co ication ports ar 0 in the
DPEL o g et wel i vesity Bood BhieS YW P et PyLpTesiP s daorcim 31y Hsmote S
communi LSl 1an &0 | i e to an
ext er nal%a%%‘?at%ﬁgemn%ﬁ%ﬁ%ﬁ%@%@gé\ﬁ% %&?Eér%gggftgt(%g’ gYési'lgtﬁs’

i ncor postatecst mingdrzad needicabidaa)te be eyteredand parsed.not shown in FIG 5), such as a
re(programmbl e flash nenory portion, that can be programred via a

communi cation port. A purpose of such a nenory portion is to facilitate
updat es Mn operat.d . f - te
cont rol I[er dul e@%o?&g%ﬁ%%a |é)gé %Sﬁ%ogﬁgﬁ% ?%%%lﬁﬁuﬁ%ﬁﬁgﬁdoﬁ 08?)1?]?91{1 96]

The r ema¥fith localichatrdttsr niodille Bt (2., eereckivingtiicoss flebsiRerfiet @ataLfRing &dcaPpn sl ot
(not shown) for receiving a data carr inlg el enent 518 and conmuni cating
t her ew tcnntr@mmlﬁ)n&en@tmﬁoﬂgméém (s hezgfores pravidss @ ugertveithc a simple g

el ement _kpown in ecart. such .as " Sl .dat a rar ¥l el enent ,. al sg_known
s " o AP0 Ehvsmitel PRI for HERRRE oot bbniE R BRY GH A e EURR il
di sposakh@ pfRedsingdsferhicds@idnitéring-related data) and can be used to fine tune therapy (i.e.,

insulin administration). Functions of the remote controller module 16 can include the gathering,

storing and processing of ISF glucose data and the display of the blood glucose value catculated
from ISF glucose data. By incorporating such functions in remote controller module 16, rather
than local controller module 14, the size and complexity of local controller module 14 are
reduced. However, if desired, the remote controller module functions described above can be

alternatively performed by the local controlier module.

[0094] In order to facilitate a measurement of the blood glucose level in a blood sample
(BS), blood glucose measurement system 514 is provided as an integral part of the remote
controller module 16. The blood glucose measurement system 514 makes a measurement with a
blood glucose strip 516, on which a blood sample (e.g., a drop of blood) has been placed. The
:esultfng blood glucose measurement can be compared to glucose values calculated by predictive
algorithm 510. '
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contain disposable cartridge production | ot specific data, such as
calibration data and lot identification nunber. The renote controller

nodul e 168‘&?{6}, rﬁ@g,}he data contained on data carrying elenent 518 and such
data can B BEIUYEY in the interpretation of the | SF glRfCESBOUWNEIH4 oo ved
fromthe local controller nodule 14. Alternatively, the data on data

carryi ni§095]lenent Reéxnide camtrdiler modulaitcan eptiomlly imcotparatt 2 communidadon podul e 14

via second RF | jpk 504 and can pbe _used in data anal ysis perforned by the
| ocal CUYREAD? ;@apﬁ%wc&tp_nportl WW@GC%%%W@@WW@I%BWP% dE 502 of

renot e rs 6.4 s ' S | as to
por or kil thei, T kafiplesof RS MEER idaicy s BRRcEL Sl pud P SH
al gor i tdommmidicdtion pots dirthe yeadilyeadopied tforr exporirgstated ddta fo &exgmall dacpse | evel s.
As thereis atine difference ("lag_ tine") between changes of gl ucose
concentinanagementsystem. Remete emmirotieranodue 16 alsoincerpasatees progenpable megory

gl ucose_cgencen tiond h Qf..the us edictive.,. al It hm 510 uses
2 sert RGN GR HEmTRAP. ShSid alorheimiplendh SoribirSrich fRlebtE on
data t rb?%ﬂnﬂe@?ﬁa a@wﬁmp&ﬂeﬁlﬁms@aﬁéﬁta_eﬁeindr?fpbﬁ&hli@ﬂ) falilitaed dual | ag
time relationships. The outcone of "'the predictive algorithm510 is an

est i matupshtes bf sthepdrbtingsysiemandior btheesoftveare dlement ofttbe reote toantmiler inpdee. |

the predictive algorjth 0 predicts |ow glucose |evels, a signal can be
23 WO 2\36&?‘95‘?9%8%?3%3&?9%5@23“M%d and alarm 512 activated to warn

the user of a predicted physiol ogical event such as hypoglycem a or risk of
coma. As will be appreciated by those skilled in the art, the alarm512 may
be conpl0d8€ld of &l smoteadvintrolérgnadule b6 bardfurtercincladela bdramuicatiea stotr(not
vi(br at oryw;g?nal , .war ni.n ei.ther the_user. directl ¥ or, the user's health

|

care pr3opaifor receiving s gpla carypg plement,3 1 and communicating thergwith, JRata gyrang
bet voer B SI8ER Y bS L8 diRaR e Hlckerf Kighn in (B ulREs £ SIPIBACE,

and a béggthgriemancalveknoevn x0B@anichiyt on) at the sane nonent in tine is
referred to as the I SF glucose |lag. |ISF glucose | ag can be conceivably
attributed to both physiological and nechani cal sources. The physi ol ogi cal

ot 2 Mot P 1) b e bl gt S °° 1

nmechani ggiai® HspAbRS catifig rgoaﬁtﬂhmsb@ciﬁea_atapmﬁds abrARvidan adest to obtain

an | SF sanple.” [00100] odi nrents of devices, systens and net hods
accor di igntificatibe npnbere ftheiremeta cpmiroller module 16 can read the data contained on data

carrying element 518 and such data can be employed in the interpretation of the ISF glucose data

received from the local controller module 14. Alternatively, the data on data carrying clement
518 can be communicated to the local controller module 14 via second RF link 504 and can be
used in data analysis performed by the local controlier module 14.

[0098} The second electronic controller 502 of remote controlier module 16 is

configured to interpret data, as well as to perform various algorithms. One particular algorithm
is predictive algorithm 510 for predicting near future (within 0.5-1 hour) glucose levels. As
there is a time difference (“lag time™) between changes of glucose concentration in the blood of
the user and the corresponding change of glucose concentration in the ISF of the user, predictive
algorithm 510 uses a series of mathematical operations performed on the stored measurement
data to take into account user specific parameters reflecting individual lag time relationships.
The ontcome of the predictive algorithm 510 is an estimation of the blood glucose level based on
the ISF glucose level. If the predictive algorithm 510 predicts low glucose levels, a signal can be
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mtigate (reduce or mnimze) |ISF glucose | ag due to physiol ogi cal sources
by applying and releasing pressure to a user's skin layer in an oscillating
manner that enhances blood flowto a target area of t ' |.n layer.

| SF ext r EPPMW MBS ces that include pressure ring(s) agﬁ%ﬁﬁgﬁg&)@@“t he
present invention (as described in detail below) apply and rel ease pressure
i n thi sraivedant alarmf\§t2 baivatedpo wanhtht aseof aprddidtat pysiglogical Srengbwshase is to

enploy an algorithm(e.g., predictive algorithm510) that predicts bl ood
gl ucosypeslyesmiar risk obeptad AhWikbeinpseriatatbythosesklleddn tkeotit: ihe alama 512 00101]

Predictjyve, al | 510 . I t he n&lr for Predi cted
bl ood gLt Seagy sty leff SRR n R, L 37O Buith) il bR
an i nt eger Bk uid! diRciipbY@e Bsdd sdiRaliBcart proYide’NAn FudibR: %gﬁarﬁ;g;rréf_eﬂéd,\aa e
between 1 and 3; k and p are integers of value 1 or 27 ISF is a neasured

| SF gl neilbwakeaipaeslodpihg vseperobuteringa hypoghicamicevenng which 1SF value is
being referred to, i.e., 0 = current value, 1 = one value back, 2 =two

val ues back, etc.; 24 WD 2004/107977 PCT/ US2004/018144 rated is the rate
of chan twee b Wé@?ﬁ? ' ' () ring to
whi ch adj acent | SF va ulg'g&are ﬁse to%@%uf%e@ﬁ%ﬁpgﬁg) Hﬂj@t’%{: rate
bet weennmomenicintiimd did abibobglacwe vhlme eoneematatioh S thindane, mamerntdh eindecis ween t he

| SF val ues gone previous and two_ previous relative to the current |SF val ue,

etc.; aweterredile as B ISE gluceselag ISF slucosalig cenbe conceivably attabuted i bother ages of

groupi n . | ' h ' ferrk (n)

o QUD! gyt B Bcal e S BRBRIOA o S LISH BGHF WY (
posi ti %mﬁ&mmmﬂ%amﬁwmwmmlm an@ lidtbisiestof a vk&s Skilk 9O
va)-ues as follows. [00102] The general formof the predictive algorithmis a
| i 'near Thamechenicahsoyrcefilag igirelarad tp the meshesdandlsvics bsad te obtain aelSFssample. h
coefficients for the terns and cross terns determ ned through regression
anal ysis of neasured |SF values and bl ood glucose values at the tinme of the
| SF sanpggosicaui SEnbedimeNtt df ABVicse bytdnts AnAIRStHdRAcEIr8bGS tﬁé‘i)_réﬂeﬁpﬁwéﬂﬁﬁ
suitable for wuse in systens according to the present Invention are included
in U S. mitigatniredyop lor manimize) FBE glucose lag due to physiological sources by applying and

releasing pressure to a user’s skin layer in an oscillating manner that enhances blood flow to a

target area of the user’s skin layer. ISF extraction devices that include pressure ring(s} according
to the present invention (as described in detail below) apply and release pressure in this manner.
Another approach to account for lag in ISF glucose is to employ an algorithm (e.g., predictive
algorithm 510) that predicts blood glucose concentration based on measured ISF glucose

concentrations.
( [00101] Predictive algorithm 510 can, for example, take the general form:

Predicted blood giucose = f(ISF¥, rate;, mayrate,’, interaction terms)
where:
i is an integer of value between 0 and 3;
j, B, and m are integers of value between 1 and 3;
k and p are integess of value 1 or 2;
ISF; is a measured ISF glucose value with the subscript (i) indicating which ISF

value is being referred to, i.e., 0 = current value, 1 = one value back, 2 = two values back, etc.;



10652, 464, which is hereby incorporated by reference. [00103] As wll also
be appreciated by those skilled in the art, the outconme of the predi ctive
al gorlthm can be used to control medical devices such as insulin del ery
punps. A WOMP¥WExanpl e of a paraneter that can be delpgirﬂ"lsﬁ@dmbso!é‘éd on the
algorithmoutcone is the volunme of a bolus of insulin to be admnistered to
a user at a parti giyd.q¢ thPAtBbf Elkn gﬁawewgd}%hﬁmaﬁﬁmm%é% t¢pcal
control I er modul e 14 and di sposabl e cartridge 12 can be conflgue to be
wor n on r¢fenring ko whmh adjagswt ISF malpesiae usal teicajchlatepths et liend =amtk babwednocurregt of

L5 o R el B I00 e ek WG s S T

| ocat ed ac{Hsr?elﬁﬂfe ﬁgﬂ%%g%g Ft%ldeogﬂl aﬁ@nt roller nodule 14. In addition,

the comBin e cartridge 12 and local controller nodule 14

is configured to lepmeis the pfovi@averageitatt Skl aaaacdnh everas lof pRoubingk of he

user's armor forearm The local controller nodule 14 is in electrical

communi &Sk vanesawith thevsnbserinto Bnd (mhrefartiog to (npthe aumber @fdsggabxes macindeddnent
control ,, and for receiwn asur enent ta from.t he anal ysi g nodyl.e. 25 WO
2004/ 20Ol PrisSescant ) Y BETERN ot B} BovinbgeiagEns ARl VBRI o) | or
modul e ik dtehtedsesas koliows, dat a di splay 406 and a pair of straps 602 for

attachnment of the local controller nodule 14 to the armof a user. FIG 6
al so depicts disposable cartridge 12 prior to insertion into |ocal

troll dul 107 |G 7 sh .a bott f .the, | |
cont r of GOl ¢ B epperal o b the brocicsie liorioR iy acnear SBaBmi SLA T | dge 12
into an apav%@& ehﬁ@ iﬁle%éﬁs | gl cb ﬁcﬁrﬁé'@% upy@glaﬁa crodDfiphs 14. The

di,sposabl'e cartri contro are confti1gured such

t hat didseonied aneegh‘ mgﬂmoﬂ&ai}sls&ﬁmmewsmaludshﬁd blupdrglacose ealuéd at thed4 by
mechani cal force In addition, the local controller nodule 14 and the

di sposaltiee ¢f ﬁ%@piezacawémon Epeberdetails rea@mm%%ﬁgwm syitable fornp| ded
contact pa nol ded
cont act pag] y%tg hs%?%&?i%é?oegxlﬁ gl?l onﬂr}ltlg%l %&qﬁ%@‘% n#ﬂ&ﬁ Ad;p ‘gr ovi ded
Wit hin tigss52Ase) whioh iciyéby\inotigorafed b gefeeadd. cont roI | er nodul e 14 when the
di sposabl e cartridge is inserted into insertion cavity 704. [001081 FIG 8
shows the | ocal control | er nodule 14 after insertion of the disposable

cartr i dﬁﬁ%}éﬁ%' nto As Q&ta@)g}ematem%!)s% siiﬁleﬁqgth%tatre fh %on%f OII tﬁg

conbi na f thée™di spo
predictive algorithm can be used to control medical devices such as insulin delivery pumps. A

typical example of a parameter that can be determined based on the algorithin outcome is the

voleme of a bolus of insulin to be administered to a user at a particular point in time.

[00104] The combination of local controller module 14 and disposable cartridge 12 can be
configured to be worn on the skin of a user in order to simplify sampling and monitoring of ISF
extracted from the user’s skin layer (see FIGs. 6-8).

[00105} During use of the system embodiment of FIGs. 1-10, disposable cartridge 12 is
located within and controlled by local controller module 14. In addition, the combination of
disposable cartridge 12 and local controller module 14 is configured to be worn by a user,
preferably on the upper part of the user’s arm or forearm. The local confroller module 14 is in
electrical communication with the disposable cartridge 12 for purposes of measurement control

and for receiving measurement data from the analysis module.



cartridge and | ocal controller nodule onto the armof a user. FIG 8 also
depicts a renote controller nodule 16 | ocated within RF communi cation range
of the Iocal controller nodule 14. [001091 FIG 9 is a Gr -sectjonal side
view of YOMMAIL{Ttial fluid (1SF) extraction device W%@?@i“ﬂg to an
exenpl ary enbodi nent of the present invention. |ISF extraction device 900

i ncl udqmm?enet fl?éfbx%\ SRR, R4l codtrBliG o Ee 14 Eﬁlu%@éla ﬁ?stfdhﬁﬁﬁsgﬂmanel y

menber |rst spring) and a second bi asi ng member
a seco Mdm@)smmmﬁ@natﬁslmtmtwf ithenlooad chatrolko mcdalec?tmbltlymradoﬁ ouser.

penetration of user's in |ayer_at, a target, site and f t he subsequent
extract géfsol‘gwcfsﬁé?ﬂ??”j’g‘?ﬁm@@é%tlgﬂlpbﬁ? ‘ﬂ%‘g@rm@fb@cﬂé’oﬁ frQ IW Hured to
remain in (reside in) the user's skin layer during the extraction of |SF
therefrom Penetration nmenber 902 can, for exanple, remain in the user's

skin | gp0107]or NUFIG. 7RAswoOnBottdm Wew 6fhh§loahl|d@mrﬂﬂbran6dmé 19 paoSo Bhe
sem -conti nuous extraction of ISF. Once aEprl sed of the ﬁ esent di scl osure,

one skums@aonﬁfmﬁélsmabmaMd&b?gm@lmﬁﬁ on pavitydiod presideshindecad epntxoller r esi de

26 wo 2B 85075 PRl e A PR FallEief Belie 0O sy R et o1 e

t0 0scCi diksisghle SANRRIR 12 il aRLhRUSHIE ﬁieqmmb@cavft?%@s}ﬁﬁcﬁéﬁéaﬁoMqa pressure

ring 904 is in the deployed state, it applies pressure to the user's skin
| ayer sauidntmmthedgcaﬂ benttofleymoduale ilé and\,thcl dispokablpeartridgatlZare mmﬂﬂcﬁncal s residing

in the user's skin_ |ayer rder to facilitate the_ extr ctlon of | SF
fF om  HORRERCRioain Pt ol cemayt RGhIOGARL He Drovids] GraiFTSHOR ciee)
extractjpnygle 2Rak ?@éﬁ gd
above. %en pér'[ier%gdtfra%glrnfa% agg*m@s |neglsrng?(r)act eﬁ%&;{fﬁﬂéﬂ{ﬁb@pﬁﬁ swg? ther a
mi ‘ni mal withiashelingertion bavity[70d ©$ thedotad corfteolles modslesIki whdnahedlspmblawadndg ikhe
target site. .Since pressure ring 904 can be oscillated between a depl oyed
state ameertediptoinseryon vty d04-the tine that any given portion of a user's

skin layer is under pressure can be controlled, thereby providing for the
user's skin layer to recover and reducing pain and bl em shes. [001121

Pressur (00108l 904FIG Bishaws thehasl cémrollexmopile 14 afteoibatior offihe déspesablen t he
range of 0.08 inches to 0.56 inches and a wall thickness (depicted as

di nensi eptridge 12 intejacal epntrofenpedule 3 ard dtachment of tkeeomnbisatipnmf thewisposable

or os s ur SR AR5 SRERE gy il B JFR e i P8 SR b B FRERAET . ©

Ci r cunstatitoBlet Moduld 36 tidaret ivAthinRFR6Mmmunication range of the local controller module 14.

[00169] FIG. 9 is a cross-sectional side view of an interstitial fluid (ISF) extraction device
900 according to an exemplary embodiment of the present invention. ISF extraction device 900
includes a penetration member 902, a pressure ring 904, a first biasing member 906 (i.e., a first

spring) and a second biasing member 908 (namely, a second spring).

[00110] Penetration member 902 is configured for penetration of a user’s skin layer at a
target site and for the subsequent extraction of ISF therefrom. Penetration member 902 is also
configured to remain in (reside m) the user’s skin layer during the extraction of ISF therefrom.
Penetration member 902 can, for example, remain in the user’s skin layer for more than one
hour, thus allowing a continuous or semi-continuous extraction of ISF. Once apprised of the
present disclosure, one skilled in the art will recognize that the penetration member can reside in

the user’s skin layer for an extended period of time of 8 hours or more.
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902 is fixed with respect to pressure ring 904, penetration nenber 902 wl|l
nove along with pressure ring 904. However, frictional forces between
portions of a target site (e.g., skin of a target sitez, and J)enetration
menber 90YOAM Wi de for the target site to assume a PEBNS2004084H#4 gurati on
and for penetration nmenber 902 to remain residing within the target site

despi t qo0f1 PeNFrésdine AhgIOARCEoIRMIAT0 BEEMMe BethRed HBePI)ddatt 2Ry #f the

pressure ring. In this regard, a 'benefit of having the penetration nenmber
fixed wetrdctedosigiec When prdssurp ring 904 és inithgddapdoysil wiate, itiappliesfpresseteiigthe Ys604 14]

First biasing elenment 906 is confi.gured to urge essure,.ring, 904 | nst
the  uSk 18V epeopKiag the farget st aift she pepelaton welbbrigs Foiting idhe Wes sk
state) : dF‘e&,r cﬁzciﬁ('%r?estﬁ ‘| p_@% blLast g | s
configt}%;eégn%gr aur@h t he peﬁgﬁaggl%)g%frre oen? goggggglﬁﬁq%@ﬁﬁz%%tg@%éation
nenber flowef ISFthoughISE extgetiorsddvice 00Q4,10} exbingpl@rae analysis tiodulea) desupibedd

against _a user's skin layer by the pressure ring(s) can_ be, for exanple, in
the rarfy8ver When prespiefing Y4151 6 TeiacidStale it apgliey eithena mipinw) pressure of 8@ ed  as

r cay, TSRS Help g TR e brtaih olchiee R DS BELEN0 BREESC T
det er mgepiated bevder Akplove stivk hhid b egRREH stal:, Bieqithélihagamig ibbf 4 | OW

while mnimzing user pain/disconfort. [00116] In the enbodinent of FIG 9,
penet r aiseBnskin iyer is goderipsesparcciam be porirlled.dherabyprovidingsior Bre userds g ldybmt i ng

pressure ri n%e%% t he dept qf t he recess determ ning the maxi num
penet r dPTFERVE: WW’B@%& FRSEh nmember 902. Al t hough not explicitly
shown in FIG 9, the penetration nenber 902 and the oscillating pressure

ring 904 can be noved relative to one another and applied to a user's skin
| ayer i [PGEE2IndentPredsureaiig MdHepicallydts 16} exXamaplegnwnsidef didféterintthacangenf devi ce
900, the oscillating pressure ring 904 can be deployed for stabilizing the
user's &0% M%ﬁ}@ﬁ-é%ﬁﬁ&%ﬂﬁ%%ﬁléﬁﬁm%@wm%%%%& éh ‘BfFIéh piYet  area
and th ' : Ltive pressure to pronote flow of |ISF through
penetr%%ﬁOMﬁ%gﬁsgggﬂfgﬁﬁB] If desired, |ISF extraction device 900 can
contain a penetration depth control elenent (not shown) for limting and

control ling the depth of needle genet ration during lLancing. Exanples of
sui t abl OpEHet r atRengtrationmerabas90é icar be peniizares i maye independentiy ofp&ssirdhed in

u.s. ring 904 or fixed with respect to pressure ring 904. In the circumstance that penetration member
902 is fixed with respect to pressure ring 904, penetration member 902 will move along with
pressure ring 904. However, frictional forces between portions of a target site (e.g., skin of a
target site) and penetration member 902 can provide for the target site to assume a “tent”
configuration and for penetration member 902 to remain residing within the target site despite
the penetration member moving along with the retraction of the pressure ring. In this regard, a
benefit of having the penetration member fixed with respect to the pressure ring is simplicity of

design.

[00114] First biasing element 906 is configured to urge pressure ring 904 against the
user’s skin layer (i.e., to place pressure ring 904 into a deployed state) and to retract pressure
ring 904. Second biasing element 908 is configured to launch the penetration member 902 such
that the penetration member penetrates the target site.

[00115] The pressure (force) applied against a user’s skin layer by the pressure ring(s) can
be, for example, in the range of from about 1 to 150 pounds per squaré inch (PSI, caleulated as
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Pat ent Application No. 10/690,083, which is hereby fully incorporated herein
by reference. [00119] During use of |SF extraction device 900, a system
that includes |ISF extraction device 900 is placed against a user's skin

| ayer wi tWORAW Y Hesure ring 904 facing the skin (see, PYHPSEYMHYE £ G
8). The pressure ring 904 is urged against the skin to create a bulge. The
bul ge i forkddd cRRPRERRADréSuE ring ALY S mme%:ﬂ@, aoﬁ@;%hfﬁ]ﬂ a?grdﬁﬁﬁ’c@l" S An

| SF sanple s subsequently extractéed fromTthe bul ge [ the pénetration
menber B@rbeen defiermsined tocdhel beneficialpwith ieapdey toprovidingtddeqsite ISF flO0 vl The f 1 ow
rate of the.l.SF sanpl e,.bei extracted is initially relatively high but

typi cal Wmﬂﬂf‘}f‘gﬂ&gg’\?&l‘“f’ I After a period in the range of 3 seconds to 3
hours, pressure ring 904 can be retracted to allow the skin to recover for
a period of about 3 seconds to 3 hours. Pressure ring 904 can then be

re- depl [0146F or ahpehe embodimentaf FIGH §cpepbtratimithedba®0Qrigipartislypisused th a hour s
and retracted for abqut 3 secqnds to 3 hours. Thi ségroces.s of depl oyi ng and

r et r act Fasgssxd therossillating pressrre pag PO throdeptin of the recpisaietammining thy oodmpRnceeds

until |1 . ' ' ' ' e I nt tractd cycl es
are pr eﬁg%e%%eg@ﬁrrﬁ%@ Pégﬁeilﬁﬁpﬁ g{&hglgjf ?@ e‘%ﬁ‘%@ﬁ?ﬁ? SXP(B?R& Skéwgl’%ﬁtfg?d tl? or

each Cygéﬁbtratibﬂﬁéﬁlbbr K2 heihe OMU?E pRIsSure PN 904164 b MBS reldfive to oy €SSUr €
ring 904 of FIG 9) enployed in enbodinents of the present i.nvention can be

enpl oy ednaetherrangdapplied tpia neer’s skinjlayer)independgntobeashothey. 1t is hypot hesi zed,
wi t hout being bound, that such mitigation is a result of increased
perfusion in the vicinity of a site fromwhich an | SF sanple is extracted or

within WOl an  Sishy sicof B ekadionevice 906, (RAGIIAY picthlramhgdos bhnbe
desired, other suitable neans for increasing perfusion, and thus mtigating
| SF | agdeglayeddor stobilizing thenisttis skin kayer xktuislate al pessuEize a regiamyd the tavgetssur e
ring 904 of FI.G 9 can, be heated to i ncrease perfusjon. Such heating can be
acconpl RER&Rd g to Boxie anet positivespstgredn PErReLE dow QfdgFéWP“%P@&Bﬂ"‘al

resi stix&d@hg&.al enbedded in pressure ring 904 or by circulating a heated
fluid through™a cavity within pressure ring 904. Suitable chem cal - based
means for increasing perfusion (and thus decreasing | SF gl ucose | ag)

i nclude, for exanple, the application of topical, vasodilators (e.

hi st ani #8118 t he IAesiref, ISF emtragtion devdce YU Rapcrataingpancirationdapth @?‘él(t ract ed
A . e vy _
2Lt her St R SRR LBl L 83k or VAL bl P Shcig

| ncr eas iBxgmpiss o siitbleqrActrion Y prhonRsledehétitOand theis useart idegriBod el d. or

electrical stimuli-based o . .
Patent Application No. 10/690,083, which is hereby fully incorporated herein by reference.

[00119] During use of ISF extraction device 900, a system that includes ISF extraction
device 900 is placed against a user’s skin layer with the pressure ring 904 facing the skin (see,
for example, FIG. 8). The pressure ring 904 is urged against the skin to create a bulge. The
bulge is then penetrated (e.g., lanced) by the penetration member 902. An ISF sample is
subsequently extracted from the bulge while the penetration member 902 remains totally or
partiatly within the skin.

' [00120] The flow rate of the ISF sample being extracted is initially relatively high but
typically declines over time. After a period in the range of 3 seconds to 3 hours, pressure ring
904 can be retracted to allow the skin to recover for a period of about 3 seconds to 3 hours.
Pressure ring 904 can then be re-deployed for a period in the range of about 3 seconds to about 3

hours and retracted for about 3 seconds to 3 hours. This process of deploying and retracting
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device configured for increasing perfusion can be incorporated into pressure
ring 904. [00122] FIGs. 10 and 11 are cross sectional and perspective views,
respectivel of an I SF extraction device 950 according to anot her
exenpl ar yWOBHI%¥Et of the present invention. ISF ext%&@ﬂﬁ@ﬂ“@@”ﬂ%e 950

I ncl udes a penetration nenber 952 and a plurality of concentrically

ar r ang§sleRiR g 904 prat@sdsAhiNI SR casis Wntbntiduell. Txe Ba%lbjnﬁanqga rtfaclSy al so
includes a plurality of first biasing el ements 956A, 956B and 956C for

ur gi ng ayeiss pregseferblyrasymymetyB4in that Giffemerd periodsaE tinresarp wsed foekach ayolwar d and

agai nst a user's skin layer, a second biasing element 958 for |aunching the
penetration nmenber 952, and a penetration depth control elenment 960. If
desire et r at A Ofeselield I ' '

pr essar SO P! oS A st ol hbu R S bRt B 001 GONIE, DY eabblofed,

pr essuria enbodinentsrod the pre@at RSEntidn danbe employe o mitigatectieq nedhes) ISE ghitdsé s

posi tigned, such that pressure rings 54A, 954B and 954C are facing a user's
skin | 2% r?“slrjwpé’*heﬁﬁedg@l Eb‘?ﬁ&!‘g’am!@é,,'%%%“C’ém%t@?%?msmomcmw 107977

£
PCTI US Sﬁg} | r ' ' MY i.ng nodul e
of a s&%?é/rsrg’?l%r}ﬂé%ra t%ag ﬁﬁﬁ@l%ﬁ géh g\s{éc%iﬁggggﬁgv\}gn%% plagci ng the
syst em ag@hysishodultcs atlesst pasially implyated. [Hdizd] offecsnabR médng f@S9Adeisiag hen
urged against the user's skin layer by biasing elenment 956A, thereby

creat i riprévsions apd thys mifigating:ISFag icap be ggmbing withipeh prosmserog(®: IKprbe | anced

' tse PR bR i 0P ORIGE 0 Bl bl R0 RAeast Belifs Bl "SR egfibfutel] |0
nai nt ai fRemplshed, 16 &xaedphs bpPaisingdh ot astond thi@l PRSP R ReANEnRREMed

rEspect.i vely. [00125] I'SF can be extracted fromthe bulge formed in user's
ski n | cipgresgire ring 94 or pegisculatingorheatedifimid hsighagiasity withtrepressuterring 904 al | y

pr easur SURPRFSoREA TR AL fo Sk g Gorion PR ppreasiag IS Bl M)

. GPRGEvbalel (e 3., BREAAES) v SfaAfter

r €COVer inbRie Fof éﬁﬁxg&? Eﬂe%Pliéhtfoﬁ%f’E
retracting the pressure I ng 954A pressure ring 954B can be depl dyed to

appl y psitedsom whioh andSF saeple 35 sdtiacted ay srithinAkhich an pnayssmeduliengatdéadB i s i n use
i.e., depl.oyed), pressure rin 54A and pressure rjng 954C cap, be
T LR R TR L=
respect @éﬁgﬁg éérhﬁfonacan b @g@ﬁg@ iftd pfRbAM rise ?(%‘& i trical gﬁigﬁl’i-b%eﬁs sure

ring 95 e retracte I me” perio the range o seconds to 3
hours, deticeorfiglyd fdi dnceising\prefation tapbemsorperatddigtadizddsure ring 904.

[00122} FIGs. 10 and 11 are cross sectional and perspective views, respectively, of an ISF
" extraction device 950 according to another exemplary embodiment of the present invention. ISF
extraction device 950 includes a penetration member 952 and a plurality of concentrically
arranged pressure rings 954A, 954B and 954C. ISF extraction device 950 also includes a
plurality of first biasing elements 9564, 956B and 956C for urging the pressure rings 954A,
954B and 956C, respectively, toward and against a user’s skin layer, a second biasing element
958 for launching the penetration member 952, and a penetration depth conirol element 960. If
desired, penetration depth control element 960 can be integrated with pressure ring 954C to form

an integrated penetration depth control and pressure ring element.

[00123] During use, ISF extraction device 950 is positioned such that pressure rings
954A, 934B and 954C are facing a user’s skin Jayer. This can be accomplished, for example, by
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Pressure ring 954C nmai ntains pressure on the user's skin layer for a tine
period in the range of 3 seconds to 3 hours and is then retracted for a
time period in the range of 3 seconds to 3 hours. While pressure ring 954C
is in useWOi20M/107Hdp| oyed), pressure ring 954A and pr esgﬁ}f@s?qw@“@ﬁﬁB can
be maintained in a retracted position by biasing el enments 956A and 956B,

respect | : ' : LAEhITe R del ﬁgﬂjﬁ éﬁﬁ; i on of
pressurg*ﬂ(?%n ﬁlgg%u&&ggg%&%gb%ﬁ% éa?g)rllﬂgroceiebds uﬁﬁaf’& ex?%action has
ended. Awidustdestrived abdvedindpledcirg thewsystem Egaast the ushes sidepdyey nent and

retraction cycles in the nultiple pressure ring enbodi nrent of FIGs. 10 and
11 are preferably asymetric in.that different periods of tinme are used for

each cy 0012 AN ' | | s0 rec i.ze that

o ar al | 1903 07 Bress et S e bubcaglnh b s M AD LGNS Jbe

pr esent osgX efibieby credingd el gPInaKe bser’3 sRitlagdr 48kt will Substaiienly Be ldnzed@le.,! | M t ed
to the deploynment and retraction sequence descri bed above. For exanple, a
sequenc gendratdadd by pentiraionmembe? s Whide picsyrosuBOHA §510s¢ 6.caploploweilbef or e
pressure _ring 95 Further, .no han one pressure ri can, b epl oyed
D il t o ESHF OB SS7B abdHisHate KREOSAS G broanirRa 1 el s9ation by iaping
enbodi Ny Bl ad /0568, redficidy 11 can deploy all three pressure rings

si mul t aneously such that the pressure rings function as a single pressure
ring. [00127] For the enbodi mrent shown in FIGs. 10 and 11, the pressure
applied against th user's skin can, for exanmple, range fromabout 0.1 to
150 pouﬁ@zﬂr sq iRl ean heaxtracted fromdhe bulgs forgredip asesis skin kayegr wiledghessur e
rings. FE g ' - WA 0595@;5 t i ments
accordi gﬁ%%%t% ﬁ%&bgﬁ%%éﬁﬁé%ﬁ%ﬂ%@%ﬁiae BVII%A%F élg%ure %@X%I{;%theég ﬂéf}jrlgvi de a

cohst antsedcaks & RbRirsi3he preésufotig 854/ecdnl e readabioallow theuse’ sakindaprexi mat el y
2 Ibs) during operatigon__or a constant pressure_ (for exanpl em‘? ﬁ;essure of
g

20 to 30eEnyENes 2 Hae pseod insthe sange of about g seennds i 3 bpurs ohdten reiga BresfE_ sur e
f _ . Fer PO o
oxan o TR B b34H Bl IRINEED SRA7HUSLARRML S lhin £ Wni1d™"

exanpl e, n be vari poun

ext r act ipaéssue ¥ink®54B0haARE (i)aleplogsdiipRssurd g 95 an@préEsus inDOUC carbehave,
for exanple, outer dianeters of in the range of 0.08 to 0.560 inches, 0.1
to 0.9 imaintained ira wiracted potioreby biesiag clemesisHS6Aaa\PS6Cespagtively+ Aiflekmess of

[00126] e peiedrof A sPoh e FORT oPsule g BB By el F itk ger¥an

al t er natih IR range of 3 seconds to 3 hours, followed by the deployment of pressure ring 954C.

Pressure ring 954C maintains pressure on the user’s skin layer for a time peried in the range of 3
seconds to 3 hours and is then retracted for a time period in the range of 3 seconds to 3 hours.
While pressure ring 954C is in use (i.e., deployed), pressure ring 954A and pressure ring 954B
can be maintained in a retracted position by biasing elements 956A. and 956B, respectively. This
process of eycling between deployment and retraction of pressure rings 954A, 954B and 954C
can proceeds until fluid extraction has ended. As with the embodiment shown in FIG. 9, the
deployment and retraction cycles in the multiple pressure ring embodiment of FIGs. 10 and 11
are preferably asymmetric in that different periods of time are used for each cycle.

100126] Those skilled in the art wil} also recognize that a plurality of pressure rings in ISF
extraction devices according to the present invention can be deployed in any order and that one
is pot limited to the deployment and retraction sequence described above. For example, a

" sequence can be used in which pressure ring 954B or 954C is applied before pressure ring 954A.

Further, more than one pressure ring can be deployed simultaneously. For exampile, the
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enbodi mrent of the present invention can, if desired, be a flat ring (see
FIG 140 for the purpose of keeping the needle in the user's skin |ayer

whi |l e app).yi i gi ble pressure to keep blood flow rea. FIG
14 shows %&gggﬁﬁggctional side view of a portion of ang%ﬁ%@?@qﬁﬁalé‘f fluid
(1SF) extraction device 970 according to an alternative exenpl ary enbodi nent
of the ghabskitnt showshi FIGs. 10 Shd Bkwﬁéfid?mlnﬁrebms&ﬁ@ rin@¢ SitthiSnebuplgnath at i on
menber 972, a pressure ring 974, a flat pressure ring 975, a first biasing
menber Watthe pressure Hings fusetiagasiavingle prespraEngig the pressure ring 974 and a
second bi asi ng nenber 978 (nanely, a second spring) for biasing the flat
pressure ring. [001301 In this alternate enbodinent, the flat pressure ring
surrounggitfle neegdrahd émBodimefiGhoRARE FIGY. 10AndBIREL pRdsile ﬂgﬁieﬁ ‘%E&iﬁét@ﬁe a hol e
of sufficient size to just allow the needl e to pass through. e flat

pr essur eser’s skinganffor exaimpld; aangs frtinnateug 0,106 160 pRuds por &fiatenintle@SIBfor éaeh

2004/ 107977 g{ [ US2004/ 018144 0131% Inctiﬁs' on_of at_| east, one pressure
ring i nOEHe PAERHH AL PRESIUEERES: FIRPIE ODE | e‘%?‘b@%ﬁf“’f‘ﬂ\f@?ﬁ’@’&ﬁ thatovi des a

o ' . Lt . -
Gopl oy cabARBELs EcorhE § the BRSLMBHinREn bif By bdkbint AR S AR T cose
| ag. Upounstagt foret dgainsid targebsitepffersaummple; b feres df apprexitiitely Dibs) Htﬁing&ﬁiehﬁioﬁlki n

| ayer is released, and the user's body reacts by _increasing blood perfusion

to the ©n epnstast prassunrffar sxamployd peassure ok 2B 3 Grounénperisquarpyny dafibg and i s

hypot hegj z t hani.sm which, | SF. i, .heneficially replenkshed in
et ar g sttm DPBORLET I ot cilnd lrica B B by Benghlyle Sphisdiin

repl eni gy FoPéxabsplte, IR Préssure ElntbleGAkEd tobn -3 Hounds (@A | RimktSex@idtieas e
and whol'e bl ood gl ucose val ues. [00132] Another benefit of |SF extraction
devi cescyd&ording to the present invention is that oscillation of the
pressure ring(s) allows the skin under the pressure ring(s) to recover, thus
reducing a user's pain, disconfort and the creation of persistent blem shes.
[ 00133} 1280V T | TEXbleadid 1%%35\4';\8 054Rh oS DL 1AV ¥ SlantPlE DRk Bidkidhds
(e.g., the ‘enbodinent of FIGs. 10 and 11) can be used.wth 'at |east one

pr essur ef inithegrange b 88td §.56Q1chesy B4 to 6.5 iachdsiand 04 61tGP.96dh¢hes, iespectly.e t he

ot her pressure .rings are, oscill ated between dep]oyed and racted states
So 't hat T Pl iness ofkach presme fug pancbe Konprpumpler he rngeiaf D feaS Gofandief oy
given tinme. Such conbination of permanently depl oyed pressure ring(s) and

oscillated pressure ring(s) further aids in reducing a user's
pai n/ di §e0129prt. An inner-most pressure ring of extraction devices according to an alternative

embodiment of the present invention can, if desired, be a flat ring (see FIG. 140 for the purpose
of keeping the needle in the user’s skin layer while applying negligible pressure to keep blood
flowing to the area. FIG. 14 shows a cross-sectional side view of a portion of an intetstitial fluid
(ISF) extraction device 970 according to an alternative exemplary embodiment of the present
invention. ISF extraction device 970 includes a penetration member 972, a pressure ring 974, a
flat pressure ring 975, a first biasing member 976 (i.e., a first spring) for biasing the pressure ring
974 and a second biasing member 978 (namely, a second spring) for biasing the flat pressure

ring.
{00130] In this alternate embodiment, the flat pressure ring surrounds the needle (i.e., the

penetration member 972) and contains a hole of sufficient size to just allow the needle to pass

through. The flat pressure ring preferably has a diameter of 0.02 to 0.56 inches.
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[00134] Still another benefit of |ISF extraction devices according to the
present enbodinent is that the pressure ring(s) can be used to control the

condition&oégﬁﬁ@_f ich a glucose neasurenent of an ext Eg’?hﬁgﬁﬂkﬁﬁgfgnpl eis
a |

conduct ed: | e, an el ectrochem cal glucose sen ccurate
and precise if the ISF sanple flow rate past the glucose sensor is constant

or statjgg13ifhe prERRiioa of btlghst bn®breksulre fiid irfdditiaBio @vics Sc@ndiagd g to the
present invention can _provide a controlled flow of the extracted |SF

sanpl e.prewsnt iaxenton@rovidasragmmben obbenetitse Kitsk ostillating the prepsusaring(shbetwsm sanpl e

fl f ' ' f 0. to 6 ' t I |
concentieafrbh FLAEHETuRE Piven RBENAG A S R ISt Bleis? od IS RUBHIFER o
Measur efp Preshuie SAKE), Biclsur® e e ustPs SR laybhie réleR88,Und thd HEPs b8y Racts 8gep! oyed
to continue ISF extraction. In this manner, a sem -continuous |SF sanple

ext r actinoicasiugblped perfusinul to shectdrge BsiteVFROPHENODEONTiS REFWISR Eadtite Bpéremih 00135]
Once apprj.sed aof th resent, di scl osur ne skilled ip the art wll .
recogni Z& ¥ ﬁ@"%‘qs%?‘? 5&?‘? 3 EChamSHLY Y‘,’E@ﬁ 3@2 E?ﬁ%?PFéC‘ 'Eeﬁgnﬁg%‘% B’nti]e IR SKS o
can belﬁiP&JcﬂM | et t [ ' S alo) Ry B4 o,
systens “for tﬁgng%?gﬁ%ﬁ}%g@; %‘%éﬁ ﬁgﬁ“{% eisigbnfg? g }gﬁéﬂ%%ﬁt%ﬁk?%a f an
anal yt ebdtWwesnctheJShgluchss and whdledidondegludose valyesipl e, the | SF extracti on devi ces

can be enployed in a sanple nodul e of such systens. [00136] Referring to
FIG 13, a nethod 1000 for continuous collection of an I SF sanple froma

user's kkyel ayer | I A ta O . n

vent | G152 G ARGREE CLaRR OOSRUERAIER RloteCRBIMIR miChrebel leBBG o,
i n st epthdfdsdillattieof the pleksiirél rig(sy AldwsAhe slElf vihde thepressuse HREY) tde6kovars thides a
p?netratlon menber and at | east one pressure ring {e.g., a single pressure
r

I ng orrediwinga veenseain; discomivsisanddhe ¢raajion of parsistent blemishesn nenber and
pressure ring(s) can be penetration nenbers and pressure rings, as
descri bed above with respect to I SF extraction devices and systens

accor di 133 the MoRIGE extheoA HQRces AL PllraNey s pr@&uﬁaﬁgnﬁggééﬂ then step 1020,

the pressure ring(s) is contacted wth a User's skin in the vicinity

of a t aecmbddimentef FGsg) 10 ahd Adpcanttiemsebwithlat least ©ue pteasige ring pemmanantly nb t ar get
site, an _abdongen_tar jte or _other target site from,whi an | SF sanpl e
s o oeniden e petate SR ool Sortiyhle th oghed RibotseS Kb e OBLAS PrieeR or - o okl 1
| ayer  UgdityeRid ftabi2l\sarcs &6 Bk BtifRerh B0 186 user s QirPXHhEundeR fR8afiesCT | bed
above w respect to en%odi ment s o?‘ systens gsr)]cés evi ces ag%or Ing to the
pr esent anygies time. Such combination of permanently deployed pressure ring(s) and oscillated

pressure ring(s) further aids in reducing a user’s pain/discomfort.

[00134] Still another benefit of ISF extraction devices according to the present
embodiment is that the pressure ring(s) can be used to control the conditions under which a

* glucose measurement of an extracted ISF sample is conducted. For example, an electrochemical
ghucose sensor is more accurate and precise if the ISF sample flow rate past the glucose sensor is
constant or static. The pressure ring(s) of ISF extraction devices according to the present
invention can provide a conirolled flow of the extracted ISF sample. For example, retraction of
the pressure ring(s) can stop ISF sample flow for a time period of 0.1 seconds to 60 minutes to
allow a glucose concentration measurement to be conducted. Once the glucose concentration
measurement is complete, one or more of the pressure rings can be redeployed to contimue ISF

extraction. In this manner, a semi-continuous ISF sample extraction can be accomplished.
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[00138] The target site of the user's skin layer is then penetrated by
penetration nmenber, as set forth in step 1030. Next, ISF is extracted from
the user's skin |layer by the penetration nmenber while s, .applied
to the ud¥P2W4ARPH7 | ayer in an oscillating manner that Iﬁ{ﬁﬁ%@ﬁ@%ﬁﬁ‘é‘n | SF | ag
of the extracted ISF, as set forth in step 1040. The various oscillating

nmanner spoE3s] Whi obngerappaistdeofithe prsnt Gidclosule, Uk RRIlSA A€ e el will re€ognlre tRitesent
i nvention have been described above with respect to FIGs. 1-12. [00139] The

fol | owi eHsmglevices geeordipg o) the present inysnidan ¢andte capleysddn eivatietyiodus

19y exira

enbodi ngn f ' : ceording t.o the presen :

I nventi ttc%‘ﬁgnﬁ’\%ﬁ%g’i? Eﬂ?@#%%ﬁé%gg{t%fﬁgf883&8‘3&5&%%@8%an%‘rrpact of
an osci inbafdritg dTa8 38R thérbid, AR aB6Vd. ot @Rarhplefihe IS BRAraMibR devitdie
oscillating pressure ring [001411 Laser Doppler ihmge perfusion data were
col | ect cah teetenpdoied e g sdrople mudatecflsychi systemsa 0. 25 square centineter area
approximately centered in the inside of a pressure ring attached to a
subject's forearm The pressure ring had an outside diameter of 0.53 inches
and a t hi ck - Of | QG | : : I Lor to
depl oy\il\irygk:tsﬂe pr eggﬁl?g%rt? %@ﬁ%gi nst dt @gﬁgﬁﬂbﬁ@&%@g@%@o&;ﬂgrﬁ T’%ﬁe rléssur e
ring wafrosiepisey eskintpyenaicotdirg okinextmplery émbodifientrofithy mesant idvemticidhtlades or ce
of 0-5 1bs, retracted fromthe skin layer for 30 mnutes, and then this

cycl e oPfo w@ﬁtﬂ%@fm%éw%% o iotepdl 019 d b 3K Surdexiragipnias

Pour . a0 thEAP bR RE N 1SR S neb Dbt B b Tasr ol Hiehrued AEE R, e
per f usi siAgleipfeskiie ridg 3btHi¢0 GiceHa piekiiBihgs)l Fhe péretiationmehdbet 411 ésapR Of
FIG 12. ?03)?421 As can be seen in the graph in FIG 12, deploynment of the

pt essur tng(shepnrbe perateation meatbetreanid presswreirings. s dasaibed abovsswith teppechte Fessur e
ring (i.e.,..blgod perfusion was teduced with. the application of pressure),
in conpﬁ’fe'f%ﬁn ﬁ%“?‘ﬁé“@&%%ﬁ%‘%"e“ﬂﬁdb‘@gﬁﬁ‘??%%‘%“g}ﬂ"eﬂb%ver, renoving the

pressure ring (i.e., releasing the pressure) not only reversed this effect,
but actually increased perfusion beyond the baseline. Exanple 2: Inpact of

an osci [@0487hg pr¥estasset forth inistep P20 the pessurarng(§is 4810tagted matlhye wserss skin
perforned t,

0 deterpine the i ct of bl.oad flow on | SF.gluco val. ues
Guri ng e BEBCYICREY O p FES 510 ook stines® 1P AGmal S5vut iget e L eyt site, zn
embodi MeRoinedltargbisite or other target site from which an ISF sample is to be extracted). The
pressure ring can be contacted to the user’s skin layer using any suitable techniques including,

for example, those described above with respect to embodiments of systems and devices

according to the present invention.

[00138] The target site of the user’s skin layer is then penetrated by penetration member,
as set forth in step 1030. Next, ISF is extracted from the user’s skin layer by the penetration
member while pressure is applied to the user’s skin layer in an oscillating manner that mitigates
an ISF lag of the extracted ISF, as set forth in step 1040. The various oscillating mannets, by
which pressure is applied, in methods according to the present invention have been described

above with respect to FIGs. 1-12.

[00139] The following examples serve to illustrate beneficial aspects of various

embodiments of devices, systems and methods according to the present invention.
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present invention. Twenty diabetic subjects underwent a procedure, in which
basel i ne bl ood perfusion neasurenents were made on vol ar and dor sal
portions of the subject's forearnms. The subjects then participated in a
test, in WH¥MRYer bl ood sanples, control ISF sanpl e?qwm‘gfoé%‘éd 1SF
sanples were collected at 15 mnute intervals over a period of 3 to 6 hours.
Control [polt 4] SanmEeimpRe Iagiatt 6ok bsMathiiepiRsure fingSon FIo6& peFuiibh RPh any
skin layer mani pulation and treated | SF sanpl es were obtai ned by

mani pul axearvgthin éhe ossfliatimgpressume rimger with an oscillating pressure ring.

ngost AT o rhaSpt acelSiiie R ot HEre RUFRET FoRES reeblas g A

and ora ' F ' ' fall
bl ooh o Samey i pp A ha BB YR i e §F A PRGTAS e yRRRETE, 2
| SF sanmpkwjectis fereane al leedprgsurein g/hadganayutsidexdiamaetet of A.5Dineheswd apeall square

I nch of pressur% with a pressure ring with _no sanpling for 30 seconds,

f ol | onethigkpess of -%fﬁ&{eé» ing gata Frere epllegted prighiosleplayingthe BrestSe Pt o t he

Caobr ot BElsubledt ol 896, Ao dieed rrdRASUERITA Sral fhe TR ek 1B, OO
cont r ol miifestwittod getingSbrce @i PlKEDs, rbeactrd i Phecykin 1PEH fOg30\BEmALY, hed 1iegltlayer a

2 square centineter area centered on the |ISF sanpling target site. [00145
| SF gl usysieofdeploymsneandgetrration veag sepriictl. Therpresyureringway sikspquentlyepleyed)

gl ucose_net | St sa bout .1 pL aof | SF

ot act B D RS s oy SRR R 200 Bty b gt e iprtod
deposi t amasl. TMRtavERke perfudiohs fn TRTNY GABYImesdRemerl arkd\fre sBSWn & thé Braphiof
un(m)dlfled OneTouch(r) U tra(r) glucose nmeter and strip systemwas "used to
det er m HEG\i#ol e bl ood gl ucose val ues fromthe finger. [001461 Lag times in
m nut es and perfusi on neasurenents are given in Table 1 for each subject.
35 WD 2004/ 107977 PCT/ US2004/ 018144 [001471 TABLE 1 control treatnment area

area tr qg1aBPt CORE ca bd deBR WBR (grdPhaR FIG 1Y, Uep16RAnédt OF thehprdsfire Qi rédced
blood perfusion in the area enclosed by the pressure ring (i.e., blood perfusion was reduced with

the application of pressure), in comparison to the baseline blood perfusion. However, removing
the pressure ring (i.e., releasing the pressure) not only reversed this effect, but actually increased
perfusion beyond the baseline.

Example 2: Impact of an oscillating pressure ring on ISF glacose lag

[00143] A study was performed to determine the impact of blood flow on ISF glucose
values during use of an oscillating pressure ring according to exemplary embodiments of the

. present invention. Twenty diabetic subjects underwent a procedure, in which baseline blood
perfusion measurements were made on volar and dorsal portions of the subject’s forearms. The
subjects then participated in a test, in which finger blood samples, control ISF samples and
treated ISF samples were collected at 15 minute intervals over a period of 3 to 6 hours. Centrol
ISF samples were obtained from the subject’s forearms without any skin layer manipulation and
treated ISF samples were obtained by manipulating the subject’s skin layer with an oscillating
pressure ring. During the 3 to 6 hour testing period, blood glucose was influenced by ingestion
of a microwave meal and diabetes medications including insulin and oral hypoglycemics such

that most subjects experienced a rise and fall in blood glucose.
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bl ood bl ood bl ood overall overall g Subject rfusion perfusion perfusion |ag
lag mtigation units nits ratio mn. mn. mn. 97.1 212 9 2.19 30 10 20
65.3 170.3 . 2.61 21 5 16 10 84.0 187.6 2.23 26 4 22 | 117.3 2.34 22 -5
27 12 68WOIIIESY 27 12 -2 14 13 5.4 295.2 3.09 30 1§CE£USZE%"B§146 150. 3
2.42 47 12 35 15 51.7 92.8 1.80 50 10 40 16 80.0 80.9 1.01 41 24 17 17
64.6 107.9 1.67 46 12 34 18 101.2 244.4 2.41 50 11 39 9 36.2 142.4 1.65 27
16 11 20 114.8 256.9 2.24 42 16 26 21 118.6 1983 1.67 13 5 2 73.2 156.2
2.13 25[80144] 23 Thetrgated B sapyies3gere ereated b94pplymg3apﬁroxirﬂaely5159 poundspet61. 2
482.0 2.99

-2 10, 26 58.7.151.7 2.59 2.9 33 6 363 8. 21 28
56. 3 11?‘11@‘%“’6% ot gieseyrospith 5 resbud B3ty Spoplive S 30 segoridy, BIGHeS byag 12 g
6.6 9.9 L00 ﬁ%}tuié&fe t gat ed
an aver age of ngnégﬁ%%dgvﬁlﬁa?h%ﬂerﬂg%mé& %asﬁi“?rm%" %a%ﬁ%ut esw?égﬂ%ﬂéD) to
a nean afeaBurgmeonts wtem@c& \mthSE)Mm Lasw Dn’pplet eages (Dévomt, UKD iputreesliatele priong.
This | ag mtlgattg ccorra hed By .the application and release of
pr essur Sbtaing o tan trgadesh IYEsAmples LQSQQFE’Q}“MBSIBEME@TW"@I@?% Zon of
local b ls&%ie centimeter area centered on the ISF sampling target site.

[00145] ISF glucose measurements were made with a modified OneTouch® Ultra®
glucose meter and test strip system. A sample of about 1 pL of ISF was extracted from the
dermis of the subject’s skin layer by a needle and deposited automatically into a measurement
zone of the test strip. An unmodified OneTouch® Ultra® glucose meter and strip system was

used to determine whole blood glucose values from the finger.

[00146] Lag times in minutes and perfusion measurements are given in Table 1 for each

subject.
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perfusion in the 1SF sanpling areas by an average of 2.3 tinmes (0.6 SD)
relative to control

Exanpl e

sanmpl i ng areas.

subj ect underwent a study,

three sanple types collected in parall el

. Assessnent of calibration nethodol ogy and i
of an ISI*"O&?“&‘%@@ sensor [00149] A study was performne
cal i bration nethodol ogies and their

in whi ch neasurenents of

36 WO 2004/ 107977 PCT/ US2004/ 018144
FehEaedlys oL

| npact on system accuracy. A diabetic

gl ucose were nade from

at fifteen mnute intervals (i.

measur el@M7lcycl é64BbEdr a 5.5 hour period. During the study, a glucose

excur si on was i nduced

t hrough oral

i ngestion of a 75 g dextrose sol ution.

[ 00150] The three sanple types collected for glucose neasurenent were finger

bl ood sanpl eF eS, anq trealed TSF[sanple§. Finger bl ood
sanpl es, whic ed to n er ca |IIary bl ood (FCB),:
were col |l ectef {rf’%ﬁjt‘?flf[f%mm as[ les (CISF) were
collected fro L S 1?1 Ia‘é‘ferﬂalpulation and
treated | SF sanpl es blopdct qQYef verallsyldgect ' § other armwith
skin layer naf isiongagng plaessur gmitigagion)Al | sanpl e
collection tifiBs wer in)t i KRk} anahiag, riesulting in data
pairs (i.e. ng a grpose centrjation) for each
of the sanpl e} i of—FEH—whi-e is abbreviated
as [GM was f hg-twl one Tchir)| U tra bl ood
gl ucose neter R ( 6 M | pbt as Reported val ues are
t he neans of {He et efilfSadi B@d f or2Zach gAnpl e.[2700151] The col l ection
of the two | SH2sanpliggaypep2dis f egexy i n |tet hodppogy. |4 SF wals col | ect ed
from one of sﬂ;@ect‘gﬁﬁrm IRysd Walg (guCh [ifiat ahdi TTerjgat sifle on t he dorsal
f or ear m was mpte S QT © 'g'.i I 4 rr'rer% AL ganpt | g moddl e i s enpl oyed
t hat i ncl udes fa—pressHre+rHifig—a1-Srat— 35@(—: edle+and—-an adapter for
i nterfacing t¢a gl bde t ¢% strl,r‘ AppttOx i mapeE] y ol iter of |ISF
was col | ect ed [#6hr oud&OQ 30 [fige AdHdl e ﬂanetﬁr%i ng_i ilﬂo t hel dermal | ayer to
a skin depth abo@4.62 mil07i9et gr6y. Apgd i cat [1@n of [ahout 15 Newt ons of
force on the n thieugh (a4 5 pmadi anfeg er phgssurepging tacilitated
col | ection of’%m— (ggglah {ec i.éntiﬁr,a 3. ul%eIC), X\InICFT s deposited in
t he neasurene 7ot IYAS L -szlc |a} eh{ 16‘UIT| azgl tH€0oS
74 1186 1983 [1.67 13 5 8
22 73.2 1562 213 25 8 17
23 114.7 2782 1243 30 8 22
04 094.4 253.6 [2.69 15 8 7
25 161.2 14820 299 8 -2 10
26 58.7 1517 [2.59 42 9 33
27 1146 (3633 3.17 29 8 21
8 6.3 1170 [2.08 31 10 21
\ can: 863 2039 1232 1303 87 P17
SD: 28.1 97.2 .6 12.8 6.6 9.9

[00148]

The data in Table 1 show that ISF glucose lag was mitigated an average of 21.7

minutes, i.e., from a mean of 30.3 minutes (12.8 SD) to a mean of 8.7 minutes (6.6 SD) by use of

the oscillating pressure ring. This lag mitigation was accomplished by the application and

release of pressure to the subject’s skin layer in a manner that caused an elevation of local blood

perfusion in the ISF sampling areas by an average of 2.3 times (0.6 SD) relative to control

sampling areas.
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measurenent strip. The inlet area of the strip was physically nodified to
interface with the adapter of the sanpling nodule so that CI SF coul d be
directly deposited in the strip measurenent zone. 37 WD 2004/ 107977

PCT/ US200PHEHWA 77 00152] TI SF was col | ected on a sanpPCRFSAVAI44ni ch was

slightly different than the one used for CISF. This sanpling nodul e was
nount e . ' \ i i hRd i I r sed
For colampleS: SgksShienbof Qb NPl iodbloty Afd 1 BRRL! Al WA NG,
cont r aglucose sémsoxcol | ection of CISF, TISF was collected fromthe same site
for each tinme interval. This sanpling nodule, which was adhered to the arm
using a nedi cal grade adhesive patch, included a 25 gauge needl e desi gned
for pe ing t ' RN : :0r essur e
ring sﬁ%ﬂdi ng @ﬁgéﬁ?@ﬁ?@f&ﬁ%ﬁ?ﬁ%ﬁgs pushgga%%orncfg%ﬂgélg%%r}&@oﬁmgol | ect
Tl SF. Thpacianmsysiag acudadye A diabbsio subject wetiedvent naarlyyimi whitl measteementadf ng
TISF. Inthis test, the reservoir was 0.5 p.L glass capil|lary tubes

( Dr ummdAucosg wersimade from thiegsample tyges ¢ollectgd iutpmal?@ abfifieenminyasiniesvalofieect ed

V'S vt bR Rer 3 85 Boritd, PR E st b oA e BT o
ont o a ifidubR bRNingkstim offa 730Lddxtese dam@iohouch(r) U tra gl ucose measurenent
strip. This second strip nodification allowed for the direct capillary tube

expression of TISF to the neasurenment zone which allowed a smaller vol une

to be ed than ghe strips us r. CI.SF. In this seco stri

o 1 ABBTR " on PR shes® sl Repet et for ghitoss ik B F T et R ng 1 wo

wor ki n t h = Hosh e de
Ghaﬁiggé“s, ERHSFISF 1ds ﬁlcﬁ}e%?edquFfsBﬁpl‘éé?l i;/:hg& gﬂéﬂi‘sf {Zirieii_%hml ay §003| d be

wgre decréased to accofmpdate the relative ow sanpl
not ed theatfeped ssas finges capilpdry btbod(FEB),dvere oallected byaiandandi fingeokantihge 320 nL

sanpl e which is typic about_ 85 seconds. After the requisite volunme is
col | ect %ﬂw@swﬁ%@%mﬂe % e sublcet s 4 BUDQRA SER BT ch t he
needl e ' t [ ) ) |t . Lanappl i ed
for them aﬁghﬂgééleo %?Eaﬁgﬁ%‘rinﬁl%l&% gﬁls gfg?\?zﬁonb?%%% ﬂle}g\g#ee&rf%gﬁg\}\% ﬁtg dat a
col | ectskin faper thdrdpulitioneustipngnl asciilpfies pesdurering dAfl samplelvelledicalimies aveselbj ect
over 22 neasurenment cycles. The resu_ltfqﬁoiizc FCB sanple results are_shown as a

gl ucos FeERedbY SOmpuier e gampmertesylting in ¢ata paesi(i-ergnepsuremeat ¢ysle pumbepandy sp
d Tl i i .G .
oapacts GapSe Liftadin fordeh 8 ibe'sihnb¥iys The GG Inctalibh YPFCB, which

is abbreviated as [G]rce, was measured in duplicate by using two One Touch® Ultra blood

glucose meters and test strips (LifeScan, Milpitas, CA). Reported values are the means of the

two meter readings for each sample.

00151} The collection of the two ISF sample types differed in methodology. CISF was
collected from one of subject’s arm in a way such that a different site on the dorsal forearm was
sampled for each time interval. A sampling module is employed that includes a pressure ring, a
small gauge reedle, and an adapter for interfacing to a glucose test strip. Approximately one
microliter of ISF was collected throngh a 30 gauge needle penetrating into the dermal layer to a
skin depth of about 2 millimeters. Application of about 15 Newtons of force on the skin through
a 5.5 mm diameter pressure ring facilitated collection of CISF (median collection time 3.0 sec),
which was deposited in the measurement zone of a modified One Touch® Ultra glucose
measurement strip. The inlet area of the strip was physically modified to interface with the
adapter of the sampling module so that CISF could be directly deposited in the strip

measurement zone.
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simplify the format of the data, icisF and i TJF were normalized for
differences in electrode area so that they can be directly conparable and
enpl oy the sanme calibration equation. In addition, icLSF and i TSF val ues
were conveReMd/1887h series of glucose concentrations usREHURRMPHEBIGUS] y

cal cul ated calibration equation. The glucose concentrations for Cl SF and
TISF are shown in wunits of ng/dL and were respectively abbreviated as [ G AF
and [ G TUsF 38 WD 2004/ 107977 PCT/ US2004/ 018144 [00154] Table 2.

Measur qoeas2] [ G amISF s/&s tolibStedloal mﬁiﬁhh%hi&iﬁﬁ wifivle \vés 51?@ g} ffdr B thar WAL
(mg/ dL) (nmg/dL) 1 107 241 65 2 104 436 361 124 101 0 428 401 121 113
4 200 #pe usigfon GISF; ghhis &nmlmgam@dui@wgs mauntod en the: ebRcBOdorsal faread Bitde 7 369

SO0 121 RS i oy RO AR A IS e 0B 23 2o
5T o 55, O R 08
222 99'inténal. ZPis SdkplingOnddide, SWidclBdas ahered3d the arm using a medical grade adhesive

pa.tch, included a 25 gauge needle designed for penetrating the skin to a depth of about 2 mm,

and also had a pressure ring surrounding the needle, which was pushed towards the skin to

collect TISF. The sampling module further included a reservoir for accumulating TISF. In this

test, the reserveir was 0.5 pL glass capillary tubes (Drummond Scientific, Broomall, PA) in

which a 320 nL volume is collected which matches the swept volume of the needle. Once the

requisite volume of ISF was collected, the capillary tube was removed and TISF was transferred

onto a different type of modified One Touch® Ultra glucose measurement strip. This second

strip modification allowed for the direct capillary tube expression of TISF to the measurement

zone which allowed a smaller volume to be measured than the sirips used for CISF. In this

second strip modification, only one working electrode was used (as opposed to using two

working electrodes), and the area of the working and reference electrode were decreased to
accommodate the relatively low sample size. It should be noted that pressure is applied only

during the collection of the 320 nL sample which is typically about 85 seconds. After the

requisite volume is collected, the pressure ring changes to the retracted state in which the needle
contines to reside in the dermis. No additional pressure is applied for the balance of the 15

minuvte interval.

[00153] Table 2 shows the data collected for the three sample types collected from the
diabetic subject over 22 measurement cycles. The results of FCB sample results are shown as a
glucose concentration (i.e. [G]rcp) in units of mg/dL. The results of CISF and TISF are shown
as a current in units of nanoamps, which was respectively abbreviated as icsr and imisp. To
simplify the format of the data, icisr and imisg Were normalized for differences in electrode area
so that they can be directly comparable and employ the same calibration equation. In addition,
icisr and imsy values were converted to a series of glucose concentrations using a previously
calculated calibration equation. The glucose concentrations for CISF and TISF are shown in
units of mg/dL and were respectively abbreviated as [G]asr and [Glrise.
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21 195 845 743 247 216 22 175 793 708 231 205 [00155] For the glucose

measur enent of Cl SF and TI SF,

were both calibrated with an | SF surrogate which allows the actual

the respective nodified neasurenent strips

concent r aMONYYBE determined in CISF and TISF. |

derived from plasm
in the calibration process is due to the

t hat

is intended to mmc |ISF. The use of
fact that

2@34(0%31&9 fluid

| SF surrogate
relatively | arge vol unes
The calibration

calibrants

S prepared using plasm

| ucose
SF sufdday

i th i sotonic saline.

re spiked into | SF

se concentration of 2.5,
concentration, at least 5

val ue was calcul ated at 5

and intercept was

converts current into a

pegnt rati on. Because icisF

mlar calibration

which is shown by eq. 1A

IB[Gsp =0.3 x inr-

f calibration woul d npst

st strip. [001571 A

e di scussed for the
ing a sem -continuous or

the present invention.

formed by the user of the

exanple, a calibration

t wth FCB and a single
(r) Utra glucose

proportion can be

i's

(i.e. about a mlliliter) of ISF are difficult to collect.
process[(Wd84f r es Tsblaki vely large fluid vol umes because several
(typica prepared SE surrogate y
di I ut ed desr 4| Q0 jniGlest i|t E¥ake
ropr r Q

oot Ay 6y ng) | rgfury
5, 10, . D h_cal ilbr £8t gl ucose
replicales vere perflédmell 43hd ablader 32f dur i@t
secondsf Usihg routime | | ngzs jregyiedsi oz 34 $19pS€
cal cul ajed T9r us g 3 rlatéon € |
39 WD 2964 S n&? 4%@4 Smu e 2
and i ngE-welr-e—Rofrs M
equat i op_was® used| f 362cal c8Mntli Ad71 ¢ cB¥ and B43 AH
and eq{ 1B.7eq. 1A [38Pcx$ro68 0. 32%2ijcsPe5 7.6 BFS 4q.
|7_.E InA O0TSE] 11| Shyagl 0] De1410F ads3 1ot 2881 4 {548 J
i 11 f efitumho ot Loator b P o a8l 01— G
purposelof ccurht b A0 ind 189 \|c0d96 i 4 | &P6
conti nupus dltucosp sIdsof P58 sY88Ens 28k orldi A0t g
Thi s type ofjacal | pr adqigonf vwaebd| msd (I 1 ke y |besgper
sem bco tinulgus 0 _O_%L[i TRes glltﬁg © 55315QT . 30T
can be of-rree—st oy —o1 oSt reastHEere
use gl shr ehnt e‘!@ggl n':g;gﬂp @m
measur efrent 8t ri pl 1291suehl246 kilddéitli 0838 a [si BBl e
cal cul ajed flor esfi @8 ng JoSRc) 1R Nngod-CH wadzh

17 251 1074 | 1025 315 301

18 238 995 9205 292 265

19 222 997 740 292 215

20 211 974 812 285 237

21 195 845 743 247 216

-2 175 793 708 231 205
[00155] For the glucose measurement of CISF and TISF, the respective modified

measurement strips were both calibrated with an ISF surrogate which allows the actual glucose

concentration to be determined in CISF and TISF. ISF surrogate is a fluid derived from plasma

that is intended to mimic ISF. The use of ISF surrogate in the calibration process is due to the

fact that relatively large volumes (i.e. about a milliliter) of ISF are difficult to collect. The

calibration process requires relatively large fluid volumes because several calibrants (typically

six) must be prepared. ISF surrogate was prepared using plasma diluted 1:2 (500 microliters +

500 microliters) with isotonic saline. Appropriate volumes of 1 molar glucose solution were

spiked into ISF surrogate to prepare six calibrants having a glucose concentration of 2.5, 5, 10,

20, and 30 mM. For each calibrant glucose concentration, at least 5 replicates were performed

and an average current value was calculated at 5 seconds. Using routine linear regression, a

slope and intercept was calculated for use in a calibration equation which converts current into a
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abbreviated as [GclSF,FCB As an arbitrary tine interval, neasurenent cycle
6 was used for performng the one point calibration with FCB. It should be

not ed t hat neasur nt cycle 6 which represents a situat,] i n ich [ G FCR
is risi ngWWZf’??”t"?ﬁgEand will be shown to be problemati g&@&%?’ﬁﬁ?ﬁ%

interval in the absence of lag mtigation, but nonethel ess represents a
possi bl Qu&ds&%oﬁd&hﬁéﬁfcﬁ{. Bdtaisedc d iflBYMvei€ h&mhalizb$ Fi? Yledtradd REL aRER{EA L1 ON,
the calTbration equation can be represented by eq. 2. 362 eq. 2 GI CEF
, F C BealibratioBEiudtioh FeR,wed-for calcdlating] (e8P 4nd [G Gk whickHs Shdin By ¢QAR6a1d | n
eq. 2, L‘SIIEtCB 6 represents the finger capillary bl ood glucose concentration
at the ~*t h measurenent cycle and iclSF, 6 represents the current neasured
for a CISF sanple at the sixth neasurenent cycle. Because the glucose
concentrations in ISF tend to | ag behind the glucose concentrations in FCB,
the useeqflAa FCB cal i bfGitkor (23 k digdr-7e8 wApr edi cts what :the | SF gl ucose
concentration will be In the future. 40 WO 2004/ 107977 PCT/ US2004/ 018144
[00159] €438 si npl i ci t yiHmsmsdedx Imhe';'eﬁ%ysi s of only a portion of Table 2
will be described in this exanple and follow ng exanpl es. Measurenent
cycles 5, 12 and 21 will be further analyzed and respectively referred to
her ei nafgoasejas " rit Shaidd be néted Makthis §pe of EMbkidtion” woull ddselilels BOPEfdmed by
conparison of [GcysF, FCB and [Gcisk for the three previously nentionéd
measur ethermangfactuser of theoteststrip.i ndi cates that there is a relatively large

absol ute error between an |SF glucose sensor neasuring CISF using a one
point FCB calibration and a factory calibration using 6 |ISF surrogate
calibra 0016R]4i ﬂy& i ' et dkd ' VSF-
factor ymgfs?]l[or at iglr?lﬁg?irllg a o@gﬁggﬁgﬁg@u&gm?%tf[ g Cl g%mri%%ﬁfd cl sF
Absol ut eccuraply megsuginglglucosgindSF uBing asemRceitingofPar coatin@8is ghtcatd ©n&®@5n 330 175
Failing 380 247 134 [00161] In addition to C Sk, TTSF c al sQ bhe, anal yzed
for itsSHRSACEoIEmata e pipseghinyentag. T%‘%H@B%)F?H"W@Yf%’ﬁaﬁp&f' 'Yor such a
case, eferfoinfed By Bie HBF b80 sdifif cotifHbds!dr ROnttoud bHEORSensor. For example, a

calibration can be performed using only one glucose measurement with FCB and a single use

glucose measurement strip such as a One Touch® Ultra glucose measurement strip. Insech a
situation, a simple proportion can be calculated for estimating [G]csy using FCB which is
abbreviated as [G)aisrres. As an arbitrary time interval, measurement cycle 6 was used for
performing the one point calibration with FCB. It should be noted that measurement cycle 6
which represents a situation in which [Glecg is rising with time and will be shown to be
problematic calibration interval in the absence of lag mitigation, but nonetheless represents a
possible time interval that a user may select. Using a simple proportion, the calibration equation
can be represented by eq. 2.

G
eq. 2 [Clewse res = "crsr«"cl.]Fi =loppX 32 i 20.45
Losr 6 804
[00158] In eq. 2, [G]rcp s represents the finger capillary blood glucose concentration at the

sixth measurement cycle and icisps represents the current measured for a CISF sample at the
sixth measurement cycle. Because the glucose concentrations in ISF tend to lag behind the
glucose concentrations in FCB, the use of a FCB calibration effectively predicts what the ISF

glucose concentration will be in the future.



concentration of TISF using FCB, which is abbreviated as [ G TTSFFC 3.

| G FCB,e 362 [00162] eq. 3 [GreF.FCe = LIZSFx - x = 1171- LRSFXO. 309
1USF. 6 [00163] Simlar to eq. 2, eq. 3 also used neasurenent cycle 6 for
per f or m NYOZAM/I0ZHi brati on with FCB. Table 4 shows a cBEPESIM&AINS [ G VI |
FCB and [ CISF for the three neasurenent cycles. The absolute error (83 to
175 ng/dL) between an | SF gl ucose sensor neasuring TISF using a one point
FCB calibration and a factory calibration using 6 ISF surrogate calibrants
i s snalp815% han tHoe sbwplicily ipugiose, theanalysioof ¢rlf-a oty afTabkiwill ben Tabl e 3.

Therefore, .Tahles 3 and 4 nstrate the utility of |ISF glucose |a

mti gatcfesﬁxhﬁﬁéwha%?wﬁwdd followine sxamples, qagne@¥M§IsS Soheaid Hoplt e 1 uture
redi cti.on..qf : i 44 7 @ o e

IF:)’CT | USZ00 ?rdﬂf@if%id g{%%ﬁﬁ‘@ﬁqgﬁb Eogl[r%%gﬁé %%S\r?%(? ohesaa%(i)eig’h dF h@%l'i bration

vs. facTably3 cldwsd eimpitisoms bﬁ%}]@.m& oid fGleRk for thdhedéreemadslylmbsfoned F, FCa

[ G nsF Absolute cycle (nmpg/dlL) (nog/dL rror Rising 311 296 16 Stable 380
362 18 mezsuremeyt owsiesp The dataipdicgey thatdperg iy rlativebrlergatabsaluip grrprbeiweemamt s

can be ed to predict the cose oncent i i.n FCB. ener al.

physi ci @ﬁsﬁmf %Pg?r&e%n?%giﬁnlés’% %‘g‘be é’%&i@% ﬁ@ﬂ’ﬂt}o ﬁflﬁfgg%' cﬁ‘gﬁ?hgnbasi s
for detginp QiSHsuiioBat@REkIMRAG At € therapy for helping control the disease
state because this is historically what has been done. However, a |arge

proportion of the continuous and mninmally invasive glucose sensors that
have beg nmrercj.glized or are pn the e of bei conuerci al j zed use
i iy OGRS Chabig & ComearBbe pb e PormOES Faibastinadt. ReiorEAUHCR PSe e
glucosecﬁgngﬁﬁmiation in capillary blood using a continuous or

sem -conti nuous | SF glucose sensor. [00166] Table 5 shows a conparison of

[GclsF, Fcn and [G amfor the three nmeasurenent

Measurement| [Glcsrres | [Clasr | Absolute
cycle (mg/dL) | (mg/dl)| Error

Rising 227 144 83
Stable 505 330 175
Falling 380 247 134
[00161] In addition to CISF, TISF can also be analyzed for its glucose concentration using

a one point FCB calibration. For such a case, eq. 3 can be derived for predicting the glucose
concentration of TISF using FCB, which is abbreviated as [Glmsrrca.

G
. 00162 a3 [Clugse s Cles ;362 40309
: .y 1171

[00163] Similar to eq. 2, eq. 3 also used measurement cycle 6 for performing the
calibration with FCB. Table 4 shows a comparison of [Glrisrres and {Gleisr for the three
measurement cycles. The absolute error (83 to 175 mg/dL) between an ISF glucose sensor
measuring TISF using a one point FCB calibration and a factory calibration using 6 ISF
surrogate calibrants is smaller than the overall absolute error (14-18 mg/dL) shown in Table 3.
Therefore, Tables 3 and 4 demonstrate the utility of ISF glucose lag mitigation when using FCB

to calibrate an ISF glucose sensor for the future prediction of ISF glncose concentrations.
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cycles. The data shows that the absolute error is relatively |arge when
trying to estinate the glucose concentration in FCB using a Cl SF
measurenent calibrated with FCB. [001671 Table 5. Accuracy assessnent of
Cl SF meadV@MdP79i%i ng one point FCB for estimating tk%‘j"}g/fpﬁ%f’ﬂ‘%““““
concentration in FCB Measurenent [Gas,, [G Fce Absolute cycle (ng/dL)

{o1cs ™ o IR Eofpaisontonshpth ECB Ll of ity GithatSR iy, oo

measur efT8Rkamplgcl es. [ G csF, TSF represents the glucose concentration in a
Cl SF sanple that was calibrated using a TISF sanple and a FCB sanple. An
eq. 4 was devel oped to calculate [GcLsF,'nsF. 42 WO 2004/ 107977

PCT/ US2064+-01+81+4+4 —AfGrsFF—=—2cisFx [GFCa,e =i x 362 = z , x0.309
i TLW 6 M@WFMQ[F‘TH Ulnerc Absutstsessment of a Cl SF measurement usi ng
a TI SF|sanpyele and fmglal® $mpidd){ oEmest { mating the gl ucose concentration in
FCB MegSUNLROEDT G U - golyte cycle (ng(dL) (ng/dL) Error

Ri si ng b5 Al [ ing 261 195 66 [00170] A

conpar ifso T2 aVa R A2 with g ¢ he nmeasur enent of glucose in ClSF

gi ves 4 _bdfalling edti n®3® of c246 | lar ¥4bl dod gl ucose concentration when the

| SF sensor is calibrated wth TISF and FCB. For the case using a TISF
sanple and a FCB sanple, the absolute error is lower for the "stable" and

"fal | i 9016 asur dFE glucesetonsenivptivn pleasuempmin cardhensed tp prgdichihe glitgese usi ng

| ECB |l e jR,Table 6. The absol ut is _higher f he."rising"
eadur SRERETAEPE AUCR. Fhpsherht pHISCRORMRY bibectif Bfe bf elcHHontalinalibS mFCRL P,
geasdl . Tante T =aver .
e e e —

this is historically what has been done. However, a large proportion of the continuous and

minimally invasive glucose sensors that have been commercialized or are in the process of being
commercialized use mainly ISF and not blood. Therefore, there is a need for estimating the
glucose concentration in capillary blood using a continuous or semi-contimuous ISF glucose

Sensor.

[00166] Table 5 shows a comparison of [G]cisrrcs and [Glgcs for the three measurement
cycles. The data shows that the absolute error is relatively large when trying to estimate the
glucose concentration in FCB using a CISF measurement calibrated with FCB.

[001671 Table 5. Accuracy assessment of a CISF measurement using one point FCB for
estimating the glucose concentration in FCB

 Measurement | [Glosgres | [Glecp | Absolute
cycle (mg/dL) | (mg/dL)| Error

Rising 227 311 84
Stable 505 348 157
Falling 380 195 185
[00168] Table 6 shows a comparison of [G]cisrmsr and [G]rcp for the three measurement

cycles. [Glcsrmse represents the glucose concentration in a CISF sample that was calibrated

using 2 TISF sample and a FCB sample. An eq. 4 was developed to calculate [G]cisrsy-
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though CISF is collected and tested without lag mtigation, there is still
an i nprovenent in being able to estinmate capillary glucose concentrations
if the lss"‘if ! #:75 calibrated with TISF and FCB. [00171] Table 7 shows a
conpari so &?%?73\ and [G FCB for the three neasurenentfC UO18He dat a
shows that the absolute error is smaller for estimating the glucose
concentration in FCB using a TISF sanple (0 to 35 ng/d4 see Table 7)
instead of a CI SF sanple (84 to 185 ng(dL, see Table 5), both of which were
calibrated using FCB. Theref or[g;]m;pe usegh lag mtigation is clearly
superi 0%q. #n accurEfysnle F iggimat T g igapi FYapkd389 gl ucose concentrations
using an | SF glucose sensor. [ G®472] Tabtl’Y . Accuracy assessnent of a TISF
measur enent using one point FCB calibration for estimating the gl ucose
concentration in FCB 43 WD 2004/ 107977 PCT/ US2004/ 018144 Measur enent

[G TWF | Fca u I R Sl

St abl e @&é 48 32]%3%{51 ‘é‘%"%’gﬁ&f@?gbﬁ %‘8532@@:3“@“%@%#@#?&2@%%@? égs“?g
Strips BCB sa@pRibhetimating Heple00sedmeeitmtionas ¥OB | S gl ucose, the
calibration concepts discussed herein also apply to any sensor which
measures | SF glucose especially sem -continuous and conti nuous gl ucose
sensors. The previously described alibration nmethodol ogi es show that use
of lag m t|dadsuftmedt] [BlckPnGd (Gl i|AbsbRmyjoves accuracy for estimating
either USH TI.S ) ol s ggndentrations. Therefore, once
appri sed =g sr=eae=gii|lled in the art will recognize
that the c al d86j t uadddnd) described in this exanple can
be enpl oyepd i Btablest ejrs 8dTor di n848 o lenbbdi nents of the present invention.

Foré- exanpl g, Edigneal § bragyon fal gog 1 tihnggcarl be enpl oyed in sanpling or

anal ysi i CT oo | ucose cqneentrat.i based

on | SF Mg @Jelrjr; nﬁ.x%oﬂfﬁf'ﬁgd g fé§ zlﬂllddq %'IQ% Etg%ggle%aude%ﬁ i°§§f"i°8 lﬁﬁﬁgdol ogy
by Presgnbea biiikd estiidte BHcaphifity B1bdd FuRBdconvhtAtiah Mk HRUBFREAsor sldlib@ted. 10

femal e; "nine Type 1, 13 Type 2;
with TISF and FCB. For the case using a TISF sample and a FCB sample, the absolute error is

lIower for the “stable” and “falling” measurement cycles in Table 5 when compared to the case
using only a FCB sample in Table 6. The absolute error is higher for the “rising” measurement
cycle in Table 6. However, the overall average error is smaller for the case in Table 6 which
employs some lag mitigation (74 mg/dL in Table 6 vs. 142 mg/dL in Table 5). Therefore, even
though CISF is collected and tested without Jag mitigation, there is still an improvement in being
able to estimate capillary glucose concentrations if the ISF sensor is calibrated with TISF and
FCB.

{00171] Table 7 shows a comparison of [G]nsr and [G]gcs for the three measurement
cycles. The data shows that the absolute error is smaller for estimating the glucose concentration
in FCB using a TISF sample (0 to 35 mg/dL, see Table 7) instead of a CISF sample (84 to 185
mg/dL, see Table 5), both of which were calibrated using FCB. Therefore, the use of lag
mitigation is clearly superior in accuracy when estimating capillary blood glucose concentrations

using an ISF glucose sensor.

[00172] Table 7. Accuracy assessment of 2 TISF measurernent using one point FCB
calibration for estimating the glucose concentration in FCB

43



medi an age 53.5 years; nedian Body Mass Index (BM) 25.4; nedian tinme since
onset 19.0 vyears) participated in an ethics conmttee approved test in

whi ch neasurenents of glucose were nmade fromthree sanples coll ected at
fifteen MRV Erval's (a measurement cycle) over a fPGEUSE4@1840ur
period. [001751 During the test, a glucose excursion was induced through
oral i STTOm O FtrTeT a se sol ution (by 12 subjects, deened
the "7% qaﬂﬁﬁfngn'rj TPFRC hg habit (by 10 other subjects,
deered |t hecycldEl 3| s (gl s’ hnaged the ingestion with their
prescrimm?n I g§7eCt | medi cations. [00176] The three sanples
for gl [FCWH dL 4g TYeT -Tap | lary bl ood sanpled by standard
finger peapiia+y+bleB '% | SF sanples (control and test |ISF
sanpl ed_adallidgscdi hetBbel dw)1%0ne £32m bach arm of each subject. Al sanple
collection tinmes were recorded 44 WO 2004/107977 PCT/ US2004/ 018144 by

conputer 1] st anpi n resulting in (tipe, gl.ucagse) data pairs f each of
t he saﬁﬂ?b@ﬁt e "“gb dlsﬂgs%a%%m%fe ﬁf@%@% 1S éﬁﬁ‘&i‘? toc‘amswealg@’ bl ood

gl ucos | g@@ %}g cose
met ers?%@g?’l abl'e ﬁi{lg%%fl Cagﬁ&&fﬂﬁg{epggs%ﬁ (Sé%s&%& [gaﬁguegﬁrpeported
her ei n gi®st bspetiabiy senif cantitudusandedstinuengnogs sémsorse ate previpdsty ddsOiied/1 The

collection of the |SF .sang!ggs fromeach armdiffered in _nethodol ogy. On one
ar m ( r ssalibrtign methodologies shew ithah e lag mitigation prioy tocalibration HRPIOVESRACPEREY

For oar rior SHSRE RUPERSEH LRR: bf P Rar bigh e Pabo-nR s HuBiele el BRI
gauge ngaRd frefdi Gistidbird Sone¥killet e the QFWill tbepRize that IeSdaliBratidR hlgorifims 2 MM
APp|IcatI0n of -15 N of force on the skin through a 5.5 nmm di aneter pressure

ring flequationsitdsscrihetl e this eremple candelegmploxedin systemsdicaprding tb sabodimentsef 3. 0
sec, N=553 whi ch.was,. subsequent |y deposited in the neasuremnment..zone of a
o 11 oNE BlrsetmERtPs Fererangiey 16 salbRBat Aebams Yot PF pphyed FleopLbe s
measur effRkis mdtRilesttd bﬂ%ulﬂﬁrtﬁ?ﬂ‘lﬁ@' HibRFsllifosk BbRichASfondbhdedA ISRARALGEmERr t he
| SF sanmpl i'ng system so that the’ | SF could be directly sanpled and deposited
in theddarip nmeasurenent zone. [001781 On the other arm designated the
test ISF arm a prototype continuous |SF collection device was nounted on
the dorsal forearm This device, which was adhered to the armusing a

medi cal pgrage £O6 GYGeRe el MARARLE MithAiolagy BT Phestiiidtin lliRgPenet r at i ng

t he skin

[00174) Twenty-two diabetic subjects (12 male, 10 female; nine Type 1, 13 Type 2;
median age 53.5 years; median Body Mass Index (BMI) 25.4; median time since onset: 18.0
years) participated in an ethics committee approved test in which measurements of ghicose were
made from three samples collected at fifteen minute intervals (a measurement cycle) over a five

to six hour period.

[00175} During the test, a glucose excursion was induced through oral ingestion of either
a 75 g dextrose sclution (by 12 subjecis, deemed the “75g load subjects™) or normal eating habit
(by 10 other subjects, deemed the “NEH subjects™). Subjects managed the ingestion with their

prescribed insulin injections or oral medications.
[00176) The three samples for glucose measurement were finger capillary blood sampled

by standard finger capillary blood lancing, and two ISF samples (control and test ISF samples as

described below), one from each arm of each subject. All sample collection times were recorded
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to a depth of about 2 mm and also a pressure ring surroundi ng the needl e,
whi ch was pushed into the skin to collect a sanple of ISF. In this test,

| SF sanpl es of 320 nL, equivalent to the swept volune of the needle, were
col | ect ed¥Q RY1H79%7 | gl ass capillary tubes (comerci al IBCT/B$204/UB144 from
Drumond Scientific, Broomall, PA). [00179] Once the requisite volunme of |SF
was coby estiider tinkestaaping) wsultihgindtines ghuessey dta pairfor bachl dBFhesapiplasat dacint 0 a
nodi fied One Touchq%%} Utra glucose neasurenent strip tq neasure . gl ucose.
This selcdbaameasarementdaiprvalsafingsr captliane blopd glucase Was measuredin dpplicate byiavo

o be. QRSZaRay i bR oo mb A6 CRARYHTH LIESHE, MiGIEK' . R boRE Vol U
meas ur edledt reporteiiche il b ithomeBR D Hermotmaty icpdingefoe eadhrsamprct i vel y cal i brat ed

with an I SF surrogate so that |SF glucose was directly determ ned for both
the control |ISF and test |ISF sanples. 45 WD 2004/ 107977 PCT/ US2004/ 018144

onl'y AR ne B bR e 138 Bl P SRTRLS b RO Fr 80PRET 00 e s
sec, Noflhh (rhiidofily &dw&«am&%med théQoM(¥B] ISFrfOddch Gisebic dahepl@OPISFoRdsi on of

pressure to ghe riﬂ%? surroundi ng the needl e was stopped, although the
need| eceltesteid frosua difterent sempling sitgendles dorsal fossamnr Approvirakely opeimierphiter efl  f or

he b 15-1] le | L. [00181] F h ' f
the | oISt BMsSRS Hrovih Muiferbbe piedd Dokl Manenlo 05 Pl eyhR AR R
the tigesy alm WRpsiitafion Bf SENIoE firée &bﬂﬁ%l&ﬁ%fdix%ﬁ]{a%@mﬁ%&nﬂe} Prekduse Shgicose

val ue. For the test |SF sanples, this neans t a one-cycle tinme axis shift
was pefdcilitated coliection ebiha IS sampléémédian callegtion time 30xen | N+5553) cwlich wasct ual | y

collected durjng a particular cycle had . been_resi di i he,needl e (dead
ol ume =spaptp Seribsled b metmecticn apRiofa BRAGE Poe TR T LR BEGEE o |
accur ahﬁaﬁm@:&éﬁt@ngffopgmaés@Imhﬁeheh@qué%&jﬁe&vdf@ﬂﬂd{f&mb iterfice witthger bl ood
sanples_ collected at the same relative time. [00182] An exenplary tinme

cour seagaptar forthe ISTEsampling syrters g0 that theiISF shaldibe diresthyGampled epositedir t he
resultﬁﬁf?rr. tge gﬁ[u& se nmeasurenents in the three sanples plotted vs. tine.
Wth S R shift for the test | SF, the time axis accurately
represents the tinme at which each of the three sanples was extracted from
the body. The tine shift accounts for the fact that, in the case of the
test | §##0178he sanPndhe ethenarmadesighateddhe tebidSEauy, 2 prototyei dontineaisd8%t i n t he
320 nL collection device was mounted on the dorsal forearm. This device, which was adhered to the

arm using a medical grade adhesive patch, consisted of a small gauge needle penetrating the skin

to a depth of about 2 mm, and also a pressure ring surrounding the needle, which was pushed

into the skin to collect a sample of ISF. In this test, ISF samples of 320 nl, equivalent o the

swept volume of the needle, were coliected into 0.5 pL glass capillary tubes (commercially

{ available from Drummond Scientific, Broomall, PA).

[00179] Once the requisite volume of ISF was collected, the capillary tube was removed
and the ISF expressed onto a modified One Touch® Ultra glucose measurement strip to measure
ghucose. This second strip modification allowed for the direct capillary tube expression of the
sarnple in the measurement zone, allowing a smaller volume to be measured than is usual for
these strips. For both ISF glucose measurements, the modified measurement strips were
prospectively calibrated with an ISF surrogate so that ISF glucose was directly determined for
both the control ISF and test ISF samples. |
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bore of the cannula, waiting to be pushed into the capillary tube for the
next time point neasurenent. Therefore, the plot accurately reflects the
physi ol o caI | ucose | ag between the |SF and bl ood sappl es 00183] A
conpari s gPTWBf the data collected for the 22 subj E‘ET’QS?OQ AR i n
FIGs. 16A and 16B, which shows nethod conparison plots superinposed on a

0 ar ke [go1gw} O i d-For Heohigctfohicp theQedt dsmihpiad, fctsurt A4S SRIcADrY Al the'S

(sl ope, intercept and correlation coefficient, R), standard €rror between
t he bl owdlectiva of g 320 nlesanidy (medianaccdiectiym tise 85, biééO)anﬁtmhmrqqmsne nt

absol ute_ error en.the, ref erence f|n er bl,oo se val ues and
or gl et s fellectel B aRSiR O Seirsateds g fiipund0s e ho6d | S
provid atistic
Dot 1 o et AbBhgtRE hiBAC e 8*‘?‘%%%%%“&%%@% 5’8@%&&’@% .‘*’ﬁ?@%ﬁg%

72. 3% Y%ontheddlatiod ﬂﬁeaaﬂ/cis%mﬂe@ya%rﬁe@% % nD 63%0.0% %in E 0.0% 0. 0%

slope: 0.69 0.99 intercept: 64.7 22.2 Sy.x 52.5 34.1 R 0.81 0.95 avghias
(%9: 4.9 10.0 NIPAE: 22.3 14.6 TABLE 8 [0(r)184] It is noted that there may

ohons IERCST" | BF R eRrR St shEISE BTt s RRRRGET Btk basib. s bl oo

val ues {ddfredfiMateh tHeltinds At wRRASTHEIL SIS is dbtahddBford She BAdyBvift it$

collection during the testing, where zero tine is the Start ? each test.
The pl ovaleshdios theitestdSF saarhples, thie means thet a7eneecyclsdime axibphifitweas psifomaedgioyceni ¢

range apd tnrt ?orcuyg afthd 356 tnf lf’ ga{mlglg %étﬁalfy“odn%&%ﬁ d%lrrllx?gn a %)ar.]r%cmar cycle had
been residing in the needle (dead volume 320 nL) since the previous collection cycle. In this

way, an accurate measure of physiological lag can be made relative to finger blood samples

collected at the same relative time.

[00182] An exemplary time course plot obtained for one subject is shown in FIG. 15.
This shows the results for the glucose measurements in the three samples plotted vs. time. With
the one cycle time shift for the test ISF, the time axis accurately represents the time at which
each of the three samples was extracted from the body. The time shift accounts for the fact that,
in the case of the test ISF, the sample is extracted from the body, but.still resident in the 320 nL
bore of the cannula, waiting to be pushed into the capillary tube for the next time point
measurement. Therefore, the plot accurately reflects the physiological glucose lag between the
ISF and blood samples.

[00183] A comparison of all of the data collected for the 22 subjects is shown in FIGs.
16A and 16B, which shows method comparison plots superimposed on a Clarke Error Grid.
Clarke Error Grid statistics, regression statistics (slope, intercept and correlation coefficient, R),
standard error between the blood and ISF values (Sy.x), average percent bias and mean percent
absolute error (MPAE) between the reference finger blood glucose values and ISF glucose
values are shown in Table 8. By all measures the test ISF provides a better estimate of blood

glucose than the control ISF.

statistic control ISF test ISF
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MPAE:
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Z9 0 95 _avqg.
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i as (96) :

TABLE 8

sl ope:

t he

ood gl ucose

arke Error
bi as

bn from Table 8) and
The bi as

accuracy.
rabl e

I as

error for
whi ch can

statistic bias

B 38. 7%
0.65 0.89
1.2 -1.0

It is noted that there may be a significant systematic bias in the test ISF

measurements. FIG. 17 shows a plot of ISF measurement bias relative to the reference finger

blood values for both of the ISF measurements, plotted vs. time of sample collection during the

testing, where zero time is the start of each test. The plot shows the data for the twelve 75 gload

subjects, since glycemic range and trending were greater for these subjects than the NEH

subjects, and so serve best to illustrate the point, The roughly sinusoidal bias pattern for the

control ISF measurements mirrors the time course plots, i.e., generally negative bias during the

period of rising blood glucose, turning to generally positive bias towards the end of the test when

glucose is falling. The test ISF, however, has a generally flat bias response vs. test time, with an
average bias of 10.7% (10.0% overall, including all subjects, see Table 8). This flat bias

response potentially indicates a simple calibration offset, which can easily be corrected by
subtracting 10% from all test ISF values.

[00185]

FIG. 18 shows the regression plot of the test ISF glucose vs. reference finger

blood glucose when this bias correction is performed, and Table 9 shows the Clarke Error Grid,

regression, and error statistics when this mean centering bias correction is applied to both test

(10% bias correction from Table 8) and control ISF (4.9% bias correction from Table 8)

measurements. The bias correction for the control ISF has little effect on the overall accuracy.
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MPAE: 22.2 10.9 TABLE 9 [00186] The fact that the control 1SF neasurenents
were little affected (as is evident from a conparison of Table 8 and Tabl e
9 control ISF results) indicates that any calibration error is i
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bet ween t hese neasurenents when the time axis for the | SF 48 WO 2004/ 107977
PCT/ US2004/ : nts is slidyrelative tot time axis of the

bl ood neasuf enensitistithe dilst anlias¢arn tine) bilascomhe t{ne axis is slid to
achieve thejmnimumerror fis th age neasur lag for a particular

subj ect. This nethod was revfﬁ'ﬁgq?yﬁse to ﬁﬁtiﬂéjllxate An average control | SF
lag tine oOf €S acy 0SS apeti ¢ su 2 s. 1pe method was nodified
for individbal subject calculation rather than a conppsite data set

cal cul ation] For %xeBpl e, [FI GS.389% and |19B siwps the prror vs. time plots
used to determne the averlage caontrol_a 'times for one

subject in the cHhimGt test. [002981 Tabl e 10 0Wows a summary of the

i ndi vi dual stbiecti—ecatettated—average— i ch of the two I SF
szrrpl es rel ati vekiyf’btl I nger; bl ooéﬁfucose. g of tﬂe 22 subjects are
represent ed|Nere.qkpF e ot her O?_ﬁf/e” sup] ect g ghne of jthe 12 in the 75 g
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sanpl es rel ?u ve—to—the—cont+rol S'Sf safptes—for—every—s$ubj ect. On average, a
| ag reducti ¢n of % 8 ninptes is3‘ chi eved, cu%qf(ng the average lag from
38.3 to 2. 5fmnutegk or a Po% rqgustion PT thggphysi o] ogi cal | ag.

avg.bias (%): 1.2 -1.0
MPAE: 22.2 10.9
TABLE 9
{ [00186] The fact that the control ISF measurements were little affected (as is evident from

a comparison of Table 8 and Table 9 control ISF resuits) indicates that any calibration error is a
minor component of error for these measurements. These results show the potential for
improvement in ISF glucose measurements relative to finger blood glucose measurements when

a treatment such as the slow pressure ring modulation is applied to the ISF sampling area.

[00187] The average glucose lag time between each of the ISF samples and the reference
finger blood samples was calculated for each subject as a way of determining the amount of lag
mitigation achieved by the continuous ISF extraction device when compared to the lag of the
discretely sampled control ISF samples. The lag between ISF and blood glucose was measured

by finding the minimum error between these measurements when the time axis for the ISF
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Subj ect Test Type Control Test ISF Lag % Lag |SF |lag Lag Difference
mtigation (mnutes) (mnutes) (mnutes) 1 75g load 38 -3 41 108% 2 75¢g

|l oad 42 -1 43 102% 3 759 load 40 15 25 63% 4 75g load 28 -3 31 111% 5 75g
| oad 28 6WIRIYBTIY 75g [oad 39 3 36 92% 7 759 | oad 60 PETEEHNISKL 754 | oad
50 9 41 82% 9 75g load 42 8 34 81% 10 75g load 40 -8 48 120% 11 75g | oad

27 2 o gAnerpduly B oA Sl SRS uionll T it (g
35. 8 95that therimeexds iskHd fo schielre Shelipimbgertor dcithd 28erdgeimeBuiedddg foraubj ect s 13

5.6 6.2 21%_ NEH 26.8 0.0 26.8 100% subjects 1.3 5.6 6.2 21%  TABLE 10
[ 00189] Prficalaembjsed;| This method yyas Previenshis wied fe ciladpte popverage ennehiSy las ime

appears ] elall L _ &Hfse ' ﬂﬁﬁg

per f usi S%QSe'glgl\l/ua lon,” ?3?%%%0 {uﬁ nij&{éé?eg! %?éé%g%i?%& ﬁrﬁ%h%pp | @gfe%gn

met hodokgigMaidipiatieg thah alddmposifesdataies edlollaton) Fdd exahple SFIGsh89£had €9B show
the error vs. time plots used to determine the average control and test ISF lag times for one
subject in the current test.

[00188] Table 10 shows a summary of the individual subject calculated average lag
times for each of the two ISF samples relative to finger blood glucose. Only 15 of the 22
subjects are represented here. For the other seven subjects (one of the 12 in the 75 g load group,
and six of the 10 NEH subjects), either not enough data were available for the calcalation or they
did not display enough change in glycemic range in order to make a meaningful lag
determination. As the table shows, thete is a remarkable reduction in lag time for the test ISF
samples relative to the control ISF samples for every subject. On average, a lag reduction of
35.8 minutes is achieved, cutting the average lag from 38.3 to 2.5 minutes, or a 95% reduction of

the physiological lag.
Subject | Test Type | Control | Test ISF Lag % Lag
ISF lag Lag Difference | mitigation
(minutes) | (minutes) | (minutes)

( 1 75g load 38 -3 41 108%
2 75g load 42 -1 43 102%

3 75g load 40 15 25 63%

4 75g load 28 -3 31 111%

5 75g load 28 6 22 79%

6 75g load 39 3 36 92%

7 75g load 60 1 59 58%

8 75g load 50 9 41 82%

9 75g load 42 8 34 81%

10 75g load 40 -8 48 120%

11 75g load 60 10 50 83%
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00192] A system for extracting a

si ng:

a di sposable cartridge including: a sanpling nodule for extracting a bodily

fluid sanple froma body;

t he bodijporgsi ui d

conmuni cation wt

and an anal ysis nodul e for

h&aimhx?y, chaturaDiades GeiveeR ISTRAndBIO6H SlubtseQipPedrs R HeC
IS

h the

posabl e cartri dge,

measuring glucose in

significantly reduced by a method that includes blood perfusion elevation, such as the modulated

pressure ring application methodology applied in the test described here. It is, therefore,

hypothesized that the modulated pressure application in this test acts to increase blood perfusion
around the ISF sampling site, acting to significantly mitigate the physiological lag (i.e., ISF

glucose lag).

[00190]

While preferred embodiments of the present invention have been shown and

described herein, it will be obvious to those skilled in the art that such embodiments are

provided by way of example only. Numerous variations, changes, and substitutions will now

occur to those skilled in the art without departing from the invention.

[00191}

A system for moritoring an analyte in Interstitial Fluid (ISF) of a user, the system

comprising: a cartridge including an analysis module for measuring an analyte in the ISF of the

user; and a local controller module in electronic communication with the cartridge, the local

controller configured to receive measurement data from the analysis module and store the data,
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the local controller configured to receive neasurenent data fromthe
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a local controllér nodule in eléctronic communication wth t sposabl e
car t r i dupeeinieinpldys hedt ta tmthenlitigatecithn 5K pluecketlag. rBeainalysisemsiniceofithe data from

the an sis.nodul e and store the data, erei,n at | t _one of e
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s f st em inktipatectie ISF ¢licosel lapa fhe analysia moldtle of dnpdfereamrdtidiug systamiueasin ahplbyt a
from the analysis nodule is obtained with | SF glucose |ag _mtigation. The
sanpl i n%f“h?ﬁ'd’m%’% mechanical mapipylation of the bogly toferther mitigatefhe &ﬁ glpepse dRg- udes at
| east one pressure ring. The sanpling nodule of the aforenentioned system
in this paragraph is configured such that the pressure ring is capable of
appl yi n[pot92 pr esAgyerh forextrastiig 4 BdilyFluidsungile Mitbmehioriny dldose thegsinaht ag i S
mtigated. The sanmpling nodul e of the aforenmentioned systemin this

par agr apiitenmedmprising, a Genosable carlilgadngleding: a2 sampling pfos sEigcting apgdiyid t he
n
h1}
em
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bodi |y $dnkiiél s0dANb&I adtfrolENmbaiilt Meldftrebi@atirfukibAIoRi with the disposable cartridge,

the local controller configured to receive measurement data from the analysis module and store

the data, wherein at least one of the analysié module and the local controller module employs a
calibration algorithm that depends on a glucose concentration measured from capillary blood and
measurement data from the analysis module. In the aforementioned system in this paragraph the
bodily fluid sample is an ISF sample and the measurement data from the analysis module is
obtained with ISF glucose lag mitigation. The sampling module of the aforementioned system in
this paragraph includes at least one pressure ring. The sampling module of the aforementioned
system in this paragraph is configured such that the pressure ring is capable of applying the
pressure in an oscillating manner wheteby an ISF glucose lag is mitigated. The sampling
module of the aforementioned system in this paragraph includes a penetration member, at least
one pressure ring and the pressure ring is capable of applying the pressure in an oscillating

manner whereby an ISF glucose lag is mifigated.

51



the system conprising: a disposable cartridge including: a sanpling nodul e
for extracting a bodily fluid sanple froma body; and an anal ysi s nodul e
for neasuring an_apalyte in the bodily fluid sanple; anp controller
nodul e i nW9|2§?;4ﬂ06‘¥{i7c conmmruni cation with the di sposable Pe’é’i]?h%%ﬁﬁ“ﬁ he | ocal
controller configured to receive nmeasurenent data fromthe anal ysis nodul e
and st ofgg1éd)e dat & <y 6 odiRfFinaiRhAIYE iR 8Y | A ¥%Susér t
m cr odi gl ys?]s- basegysanpl e 0extlfngct [ on%taechni %ﬁ@h@¥?§@ﬂ6ﬁ§ ?rllr)ldul e of the
af or emecamprisagy: sydispesatile cartridge proledingi pde amlysis anddudie i foz andasuringt ancant:lytenin
interstitial fluid (ISF |l e and to neasur | ucose in the I SF sanple
and whetgbadily; “‘Qéﬁ%ﬂ%é‘ﬁgﬂé’q‘ﬁ?uﬁ{é‘io‘ﬁ“ﬁﬂpﬁ go%’ﬁé’ﬁ@‘#wcﬁﬁlpﬂ walythe,g | P

gl ucose . .1 ' < enment i oned
ol 1005l KA 88 G el AELGO Rl AR T=n o
m ti gat ariddysisShodilie ambstork dg: difta, Witreth of lease bhd G the agaldielodile ahB s Ipediagr aph
enmpl oys ultrasound to mtigate | SF glucose | ag. The neans for mtigating |ISF

gl ucoseconsigllef modide emplogse calibsatian algarithem that depands pnagivcost cenephtmationheat t o
itigate |SE | ag. .Th f itigating,|SF | f th

0 or Srreer ey ey Mo 08 RS R ot e s Ot Bite sk

gl ucoseafoafnentibfed HEM thobodily Al kihfle isSh BFUGRSR infﬂ%@ﬁ:ehﬁ?emﬁft @@ TR | oned

systemin this paragraph enpl'oys an el ectropotential to mtigate |ISF glucose
| ag. Sthe\agaig€iomodale 9vobtaigsd wShISE slitese44g mitigatinea e Sampling moditlé afjthe SF

gl ucose | ag of, the aforenenti oned systemin this paragr.aph_ enpl Qys
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mani pul ation of the body to mtigate |ISF glucose | ag. [001951 A system for
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ot act Pialio upd. §IERESATLERGR i) SO ROLISL B iPbaBBIPf A REH, "
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't rar  IESEE o0 R ylBR i Petadng PRI TR s oG REmm melite oie o
the af Owbh%ﬂ%ﬁ?ﬁi%i 8 WispBsabl mgaﬁknﬂmgk S safilplibh Gasdalk foPetidciiagh an

interstitial flui F) sanple and to measure gl ucose in the | SF sanple
bodily fluid sample from a body; and an analysis module for measuring an analyte in the bodily

fluid sample; and a local controller module in electronic communication with the disposable
cartridge, the local controller configured to receive measurement data from the analysis module
and store the data, wherein the sampling module employs a microdialysis-based sample
extraction technique. The sampling module of the aforementioned system in this paragraph is
configured to extract an interstitial fluid (ISF) sample and to measure glucose in the ISF sample
and wherein the sampling module further includes means for mitigating ISF glucose lag. The
means for mitigating ISF glucose lag of the aforementioned system in this paragraph employs a
lag mitigating chemical. The means for mitigating ISF glucose lag of the aforementioned system
in this paragraph employs ultrasound to mitigate ISF glucose lag. The means for mitigating ISF
glucose lag of the aforementioned system in this paragraph employs heat to mitigate ISF glucose
lag. The means for mitigating ISF glucose lag of the aforementioned system in this paragraph
employs vacuum to mitigate ISF glucose lag. The means for mitigating ISF glucose lag of the

aforementioned system in this paragraph employs an electropotential to mitigate ISF glucose lag.
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ext r act bodityefluil satipiy filokiia Dodyg and en hrialysismbdily foraighsein teSinthelbedilyf or
measuring an analyte in the bodil 53 WO 2004/ 107977 PCTI US2004/ 018144
f1uid s&wuist emplesanda loselgonreHenmoduls inplentionic cemumenieationiviticberdisposshlei on wi t h

Bl
he di | he | ocal ] f ] '
e s ur o Tt Rge e RpL efier ol s iyl Mol e Raly S Bl ¢ e
sanpl i ngndaek! the 841 Whetein theARRIpIAE SRR SysBhtul A lafon-bRAENSispie.  The

sanpling nodul e of the aforenentioned systemin this paragraph i's configured
t 0 ext r estraction techeique. | Thesdanipling dnqdulBrf theafpfementidnedsystensinthis phragpkis n t he

| SF sanpl e. and, wherein .the.s , § rmdulle further includes foi
miti gat PRV 19 eRtert an furgrstigl did ARE) Paplc s to gusasvg Busesein the Y mplesr ¢ he
af or em%&%@ﬂhﬁﬁé&ﬁﬁi}ﬂ ;ﬂia&iu‘ie RhePnele X6r ﬁiﬂogrignn%igﬁélﬁgﬁé g%é%%m cal .

The neans for mtigatin SF gl ucose lag of the af ntio temin

t hi s pamzgnsfon mitgdting $SE ghiwcesedag df the aforémemineed SiEtegd incthiseatageaph Eploysans f or
mtigati | SF glucose | ag of the aforepentioned stemin this paragraph
enpl oys amwwwt@a%g%waﬂu meapsir migeting JAK elicpsering phibE ng | SF

gl ucose k3 MtichlfsyRleM HTRRPaPRFHh RN G vl asbil P10 RHABF glucose lag. The

means for mitigating ISF glucose lag of the aforementioned system in this paragraph exploys

heat to mitigate ISF glucose lag. The means for mitigating ISF glucose lag of the
aforementioned system in this paragraph employs vacuum to mitigate ISF glucose lag. The
means for mitigating ISF glucose lag of the aforementioned system in this paragraph emaploys an
electropotential to mitigate ISF glucose lag. The means for mitigating ISF glucose lag of the
aforementioned system in this paragraph employs mechanical manipulation of the body to
mitigate ISF glucose lag. The means for mitigating ISF glucose lag of the aforementioned
system in this paragraph employs a combination of at least two of a lag mitigating chemical,
altrasound, heat, vacuum, an electropotential, and mechanical manipulation of the body to
mitigate ISF glucose lag.

[00196] A system for extracting a bodily fluid sample and monitoring an analyte therein,
the system comprising: a disposable cartridge including: a sampling module for extracting a

bodily fluid sample from a body; and an analysis module for measuring an analyte in the bodily -
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enpl oys vacuumto mtigate | SF glucose |lag. The neans for mtigating |ISF
glucose lag of the aforenentioned systemin this paragraph enploys an

el ectropaotential to mtigate |ISF glucose |ag. The nean I tigating | SF
gl ucose 'YW af or ement i oned systemin this par agrgﬁ%{%@%ﬁ@%

nmechani cal nani pul ation of the body to mitigate | SF glucose lag. The neans
for m ﬂm%ﬁmp&; Andha BcAlCOfRollcd ncitfuld inRl1efrohie ¥BMnh @0 Withehe diSpdshbie

par agraph enploys a conbination of at least two of a lag mtigating
chem catartrigige,rthe lmgalcontielitr configurediio raceiveaneasurenpot datt ifmim tha dnalpsisionodulal

mani pul atjon of the hody to mtigate |SF glucose |lag. ,[00197] A system for
ext 1 not Rt oot whetrn 8 AP LE QOB SrBlavs Adessr DRd SYRBIC KRR, 1 he
system | SiqRa: ' I ' ' L B0 1 | for
ot act Fagghe R sppfite RO Rk of b ELCARCASYaNTH i CpRiN ReclREHLF, )
measur i fogexdmctandhtyistitialfiuid gSPY sivhple afd Wi measalacosa iirtha IS sanple amt whdrey
nodul e in electronic communication with the di iﬁ)osabl e cartridge, the | ocal

control wodde fyrther mclydes meansfor matigeting B glucosp les el hemaeapsfar nodul e
d store. i L
"ont opnisidelie B Ayl Tnd H6rAHRGhC BB S TRWBEBH SpbRERTE | ¢ of (e

af or eneniitigafiagl chensicaMThe nidahs fop afid HSF glucesyThi ﬁﬂﬂﬁ(ifdr@m@midnmb_yswn in
interstitial gl uid (I SF) sanple angﬂtﬁ% meglsure glucose in the | SF sanpl e

and whethis paragx: pysujtraspnnd to mitigatedSFighosalieg. bemeansfor mitigaging ISH | SF
I ' . .Ih f 1tigatl | SF gl I f ot ti d
Jyst om Bk 142 epE R Hknenalontd st ity braegh ERRipvs et o el e or
m ti gat {130 Thomedhd P fttigahg ISF LhRoa18¢ 6/MB biRaREhtRNEd S¥fenh th ﬂaﬁlrgaﬁggg : gr aph

err(pl oys uUltrasound to nmtigate | SF glucose |ag. The neans for ing | SF
gl ‘'ucoseecinplpys Faduhm tafmitigate ISF glueebedags t Bheymeans forsmijtating Bbtplesost gof eat t o

1 tigate 1SF 54 WO 2004/ 107977 PCT] 1JS2004(/018144 | .. Th
For o1 PigSepeTEiobs VS LIS PR oipt cAplots 87 ElrERomian ByaiieneSF gheose e
par agr e nfediy %ﬁﬁﬁf@ﬁﬂ R %gl%ée'lgg%ﬁhé SHordthetiBas Ig;,&,m ibRis g&pfxor

mtigating | SF glucose Tag the ~ af orenenti oned stemin“thrs” paragraph
enpl oys emplogs eethanjral manipalatibn ofiileibgdy ® hiligay| ISE gheokalyg. Thhmeansdios f or
mtigating | SF_glucose |ag, of {he aforepentioned systemin this paragraph
enpl oys git gluﬁ%ﬁ?ilfﬁlgfatg? <g§fa

rementiqred,ygien 1 thisaggraphiegplgyisdcose.  The
f HenEtas | | e - : . e
e im0 ot 36 15038 Pl BRALFAR Y UGG shem | 0 (11

cheni caklectidporapialuid, méthahicalMamipulaticofehebddyap oticpite 38F glaocske lagchani cal

mani pul ati on of the body to mtigate |ISF glucose |ag.
[60197] A system for extracting a bodily fluid sample and monitoring an analyte therein,
the system comprising: a disposable cartridge including: a sampling module for extracting a
bodity fluid sample from a body; and an analysis module for measuring an analyte in the bodily
flnid sample; and a local controller module in electronic communication with the disposable
cartridge, the local controller configured to receive measurement data from the analysis module
and store the data, wherein the sampling module employs a reverse iontophoresis-based sample
extraction technique. The sampling module of the aforementioned system in this paragraph is
configured to extract an interstitial fluid (ISF) sample and to measure glucose in the ISF sample
and wherein the sampling module further includes means for mitigating ISF glucose lag. The
means for mitigating ISF glucose lag of the aforementioned system in this paragraph employs a
lag mitigating chemical. The means for mitigating ISF glucose lag of the aforementioned system
in this paragraph employs ultrasound to mitigate ISF glucose lag. The means for mitigating ISF
glucose lag of the aforementioned system in this paragraph employs heat to mitigate ISF glucose
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100198] A system for extracting a bodily fluid sanple and nonitoring an
anal yte therein, the system conprising: a disposable cartridge including: a

sanpling nmodul e for extracting a bodily fluid sanple f - and an
anal ysi s WOFIEPGY measuring an analyte in the bodily Eﬁﬁﬁaﬁg@fm@ and a

| ocal controller nodule in electronic communication with the di sposable
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thi s paragraph enpl oys a conbination of at ['east two of a lag mtigating
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cartridge | Ing: a sanp for extracting a bod l'urd sanpl e

from a landygtorethel data, whatipsths samplisgenddnte empploys anndecopantiby-besedisataple bodi | y

fluid sanple; an a%pc | controll re%nflc)}ﬂu in el ectronic. comuni cati.on with
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The sanpnd mherssithe gamplibd@odile fieirn trichidesineysy formitigating ISP gluagsednd) The

configured
J means for mitigating ISF glucose lag of the aforementioned system in this paragraph employs a

lag mitigating chemical. The means for mitigating ISF glucose lag of the aforementioned system
in this paragraph employs ultrasound to mitigate ISF glucose lag. The means for mitigating ISF
glucose lag of the aforementioned system in this paragraph employs heat to mitigate ISF glucose
lag. The means for mitigating ISF glucose lag of the aforementioned system in this paragraph
employs vacuumn to mitigate lag. The means for mitigating ISF glucose lag of the
aforementioned system in this paragraph employs an electropotential to mitigate lag. The means
for mitigating ISF glncose lag of the aforementioned system in this paragraph employs
mechanical manipulation of the body to mitigate ISF glucose lag. The means for mitigating ISF
glucose lag of the aforementioned system in this paragraph employs a combination of at least
two of a lag mitigating chemical, ultrasound, heat, vacuum, an electropotential, and mechanical

manipulation of the body to mitigate ISF glucose lag.
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to extract an interstitial fluid (I1SF) sanple and to neasure glucose in the
| SF sanpl e and wherein the sanpling nodule further includes neans for
mtigati nY% | SF @I ucose lag. The nmeans for mtigating |ISFE /%I ucose |l ag of the
af or enent VO RYE7em in this paragraph enploys a lag RFTUGEHWAB14heni cal .
The neans for mtigating |ISF glucose |ag of the aforenentioned systemin
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mtigat F%%SF g? us %gnellf{n;%ﬁ% t ellidaa%1 g‘rﬂ;eulln(gnt | oﬂralggd %@% Anﬂ%a]fy-sw%gfrgggr aph
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a user, the system conprising: a disposable cartridge including an analysis
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Wi t hi n tehPloys mechanical manipulation of the body to mitigate ISF gluicose lag. The means for

mitigating ISF glhicose lag of the aforementioned system in this paragraph employs a
combination of at least two of a lag mitigating chemical, ultrasound, heat, vacoum, an

electropotential, and mechanical manipulation of the body to mitigate ISF glucose lag.

(00200} A system for monitoring an analyte in a bodily fluid of a user, the system
comprising: a disposable cartridge including an analysis module for measuring an analyte in the
bodily fluid sample; and a local controlter module in electronic communication with the
disposable cartridge, the local controller configured to receive measurement data from the
apalysis module and store the data, wherein the analysis module includes an analyie sensor
configured to be at least partially implanted in the user. The analyte sensor of the
aforementioned system in this paragraph is an ISF glucose analyte sensor and wherein the
analysis module further includes means for mitigating glucose lag. The means for mitigating ISF

glucose lag of the aforementioned system in this paragraph is at least one pressure ring adapted
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scope of these clains and their equivalents be covered thereby. { { 57
CLAIM5S WHAT IS CLAIMED IS: 1. A systemfor extracting an Interstitial Fluid
(I SF) samnpl n nitoring an analyte therein, the system conprising: a
cartri dgemP§8%@F%: a sanpling modul e for extracting aﬁcr@lf’z@gpﬂfﬂlé“from a
target site of a body; and an analysis nodule for measuring an analyte in

t he | SHop&iplyigy presvire fo the agdr whileithioaraBite $884H iSai 18ast patillP thlasied ke cat | on
with the cartridge, the local controller configured to receive nmeasurenent
data frusfd-t he anal ysis nodul e and store the data, wherein the sanpling
nodul e includes at | east one pressure ring adapted for applying pressure to
the body in the vicinity of the target site, wherein the sanpling nodule is
confi gupezbiguch thsHonld W widetstalthARAriBiARHabivEd 13%hd SmbsdAReRk®f e appl yi ng
the pressure in an oscillating manner whereby an | SF glucose |lag of the |SF
sanpl e isx¢ntion deséribed héreingnaybe eroplovalin practicing theyiaventiona dis intended ihat ke
sanpling _nodul e.i ngl ydes at | east .one extraction nber selected from the
gr oup cfgﬁﬁmiiﬁma ¢ 56906 0L Fis-iBEAmL0n apg @}abﬂﬁeﬁaonﬁg SeirhRes withs the
uItrafiS!Eégé' - | i ophoresi s nenber, an

el ectrop aqtg%er(r:e e?ﬁ%tn ngﬁﬁﬁae?gé%%ﬁﬁéﬁtgﬁ%g , and the extraction nmenber
is fixed wwth respect to at | east one pressure ring of the sanpling nodul e.
2. The systemof claim1l, wherein the pressure ring is configured to apply
pressure for approximately 85 seconds of an approximately 15 m nute sanpling
cycle. 3. The systemof claim1, wherein the sanpling nodul e further
includes a depth penetration control elenent. 4. The system of claim 3,
wherein the depth penetration control elenent is

(
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Integrated with at | east one pressure ring of the sanpling nodule. -58 5.
The system of claim1l, wherein the sanpling nodule enploys a lag mtigating
chemcal to further mtigate the I SF glucose lag. 6. The systemof claim]1,
wherein the lag mtigating chemcal is a histamne chemcal. 7. The system
of claim1l, wherein the sanpling nodule enploys ultrasound to further

m tigat e Ch&INMSF gl ucose |l ag. 8. The systemof claim1l1l, wherein the sanpling
nodul e enpl oys heat to further mtigate the | SF glucose lag. 9. The system
of claim1, wherein the sanpling nodul e enpl oys vacuumto further mtigate
the | SF gMJEpppS cpavED igfhe system of claim 1, wherein the sanpling nodule
enpl oys an el ectropotential to further mtlgate the I SF glucose lag. 11.
The system of claim 1, wherein the sanpling nodul e enpl oys non- oscillatory

mechani cal ulation of the body to furth Lti.gate the | ucose | a
e aystomof ar SexiEn b SHRRE A I ToiaT Fpih DSHS e pd ogfleriraar | o9

di sposabl ga|ytelBerell) theSH et dhipiy: 0ne of clainms | to 12 wherein the
extraction rrenber i's a” penet rat | on menber. -59

a cartridge including:
a sampling module for extracting an ISF sample from a target site of a
body; and
an analysis module for measuring an analyte in the ISF sample; and
a local controller module in electronic communication with the cartridge,
the local controller configured to receive measurement data from the analysis module and
store the data,
wherein the sampling module includes at least one pressure ring adapted for applying
pressure to the body in the vicinity of the target site,
wherein the sampling module is configured such that the at least one pressure ring is
capable of applying the pressure in an oscillating manner whereby an ISF glucose lag of the
[SF sample extracted by the sampling module is mitigated, and
wherein the sampling module includes at least one extraction member selected from
the group comprising a penetration member, a microdialysis member, an ultrafiltration
member, a laser, a reverse iontophoresis member, an electroporation member and an
ultrasound member, and the extraction member is fixed with respect to at least one pressure

ring of the sampling module.

2. The system of claim 1, wherein the pressure ring is configured to apply

pressure for approximately 85 seconds of an approximately 15 minute sampling cycle.

3. The system of claim 1, wherein the sampling module further includes a

depth penetration control element.

4. The system of claim 3, wherein the depth penetration control element is

integrated with at least one pressure ring of the sampling module.
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5. The system of claim 1, wherein the sampling module employs a lag

mitigating chemical to further mitigate the ISF glucose lag.

6. The system of claim 1, wherein the lag mitigating chemical is a histamine
chemical.
7. The system of claim 1, wherein the sampling module employs ultrasound to

further mitigate the ISF glucose lag.

8. The system of claim 1, wherein the sampling module employs heat to

further mitigate the ISF glucose lag,

9. The system of claim 1, wherein the sampling module employs vacuum to

further mitigate the ISF glucose lag.

10. The system of claim 1, wherein the sampling module employs an

electropotential to further mitigate the ISF glucose lag.

11. The system of claim 1, wherein the sampling module employs non-

oscillatory mechanical manipulation of the body to further mitigate the ISF glucose lag.
12. The system of any one of claims 1 to 11, wherein the cartridge is disposable.

13. The system of any one of claims 1 to 12 wherein the extraction member is a

penetration member.
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