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‘While the concentration of blood analytes can be monitored in a variety of different
ways, of increasing interest are non-invasive methpds of monitoring the concentration of
20  blood analytes. For example, because of its importance in the management of diabetes, much
research and effort has gone into the development of non-invasive methods and devices for
monitoring the concentration of blood glucose.
One type of non-invasive method for measuring blood glucose involves the use of
near infra-red spectroscopy, in which light in the near infra-red wavelength region is passed
25  through or reflected from a sample and the emitted signal is used to derive the concentration
of analyte in the sample. A number of non-invasive devices for monitoring blood analytes,
including blood glucose, with near infra-red spectroscopy are known to those of skill in the
art, including those disclosed in the references listed in the relevant literature section, supra.
In order to measure the absorption of light by a sample in discrete wavelength
30  regions of the near infrared spectrum, a method of separating the wavelength contributions is
needed. Such methods described in prior ar: include filter wheels, diffraction-grating-based
spectrometers, acousto-optic tunable filters (AOTF) and Fousier transform infrared (FTIR)
spectrometers. If the analyte of interest is strongly light-absorbing and easily distinguishable
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conpared to filter-wheel, AOIF, and  grating-based spectroneters. \Wile near
i nfra-red FTVR IBAVOTESpectepmatensoiie individyal weselength regions are separately measured

by tuning the filter. Since the entire spectrum is not s:multaneously measured, changes in
20  the sample with respect to time can distort the measured spectrum. Further, the necessity of
separately measuring the wavelength regions resuits in a loss in optical throughput compared
to techniques that measure the entire spectrum simultaneously. .
FTIR spectrometers offer the advantage of high optical throughput combined with
high wavelength resolution with the use of a single detector. As a result, for low
25  transmissivity samples (highly scattering and/or strongly absorbing) containing a complex
mixture of analytes, FTIR provides an advantage compared to filter-wheel, AOTF, and
grating-based spectrometers. While near infra-red FTIR devices and methods show great
promise in the field of non-invasive analyte detection, technical hurdles remain to be
overcome if such devices are to become commercially viable products. Such technical
30  hurdles include: problems with instrument drift, the need for ultra high precision analog to
digital converters, and the like. -
As such, there is 2 continued interest in the development of new devices and methods
for near infra-red based analyte concentration detection,
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t hen 20 cdP9B20@)483-7or oduce a sanpl e beam while the backward beamis passed

into a reference and then collected to provide a reference beam The sanple
and reference beans are reconbined either optically into a null beam which

s degected at a single det eﬁMﬂBﬂ(ﬁsm@%ﬂgﬁﬁl led after detection
on two separate detectors. Thé presence, a ofte unt, of at |east one
anal yte in t heMetinpisanislevicesiard providet for detetniining thecpresmice and/ohembent fition
et hods. afbtIeeH U anafge I SAEDALE of v usErasvaY. 1 he subject methods, s orward
beam and a backward beam are produced by or introduced into an interferometer from at
least one infrared radiation source. The forward beam'is passed into the sample and then
20  collected to produce a sample beam while the backward beam is passed into a reference and
then collected to provide a reference beam. The sample and reference beams are recombined
either optically into a null beam which is detected at a single detector or electronically nulled
after detection on two separate detectors. The presence, and often amount, of at least one
analyte in the sample is then derived from the detected null beam. Also provided are devices
25  for practicing the above methods. The subject methods and devices are suitable for use in 2
variety of different applications, including the detection of the presence, and amount, of one
or more blood analytes in a physiological sample, such as blood, tissue or derivatives
thereof,

30 BRIEF DE ON OF THE FIGURES
Fig. 1 provides a human forearm-Jiffisse reflectance spectrum (forward beam) and
water transmission reference beam (backward beam) and their resulting mull.
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Figs. 7A and 7B provide a graphical representation of glucose concentration
(predicted vs. reference) in multi-analyte solutions measured over the course of several
weeks by single beam FTIR (prior art) and by dual beam FTIR (present invention)
techniques. ‘ '
20
DES TION OF SPECIFI D
Methods and devices are provided for determining the presence and/or concentration
of at least one analyte in a sample of low transmissivity. In the subject methods, a forward
beam and a backward beam are produced by or introduced into an interferometer from at
25  least one infrared radiation source. The forward beam is passed through the sampie to
produce a sample beam while the backward beam is passed through a reference to provide a
reference beam. The sample and reference beams are recombined either optically into a null
beam which is detected at a single detector or electronically nulled after detection on two
detectors. The presence, and often amount, of at least one analyte in the sample is then
30  derived from the detected null signal. Also provided are devices for practicing the above
methods. The subject methcds and devices are suitable for use in a variety of different
applications, including the detection of the presence, and amount, of one or more blood
analytes in a physiological sample, such as blood, tissue or derivatives thereof. In further
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limting. Instead, the scope 10 of the present invention will be established

by the appende Lainms,. In thi,s specification and the appende | ai, s

o ngul ar ¢t or BHBCCRECEND A dn pengod deifRo SOBH IS TeEPES PR he BITE 1 ot o5
ot herw se I ic‘f&ﬂy %EM’ Erwidd hited otBhiseSsll fbfidida erns
used hereP%lL%at\ﬁ;éeé? e sane (rar%anl ng as cég%%ﬁ? un eor stoog’fmo oneéd(])?n(iS

or di nary sdiédtific termishusedhereindhawt thelsamisimseaninmgastcommdnby wdgstoddEo DRSS As

summari zed above, the subject .ipventiaon provides a nmethod for determ ning
t he pll%seﬂréjg‘?% i MW@EFH&QW"BBW?-eaSt one analyte in a sanple
having |l ow 20 transm ssivity. Specifically, the subject invention provides a

nmet hod for determ ning the presence, and even concentration, of an anal yte
in a sanpMETHeD$ig Fourier TransformiInfrared (Fl. R) spectroscopy. Mire

specifically, the subj.ect ,nmethods .are.dual. beam FTI R -. FTI R) .net hods of
det er i ni ng thésm%éa@ﬁaﬂgsmﬁwmp a et ﬂs%%ws ¥n a
presence, and often conceniration, of at least one analyte in a sample having low
20 trapsmissivity. Specifically, the subject invention provides a method for determining the

presence, and even concentration, of an analyte in a sample using Fourier Transform Infrared
(FTIR) spectroscopy. More specifically, the subject methods are ‘dual beam FTIR (DB-
FTIR) methods of determining the presence, and concentration, of at least one analytein a
sample of low transmissivity, e.g. glucose in a tissue sample.

25 In practicing the subject methods, the first step is to produce a forward beam and a
backward beam from at least one infrared radiation source, where the forward and backward
beams when combined, produce a cancellation (or null) in the a.c. signal and a doubling of
the d.c. signal. The infrared radiation employed in the subject methods may be obtained from
any convenient source of infrared radiation that is capable of providing radiation in the

30  desired infrared wavelengths, where wavelengths of particular interest are those ranging
from about 0.7 pm to 3 pm, usvally from about 1.3 pm tc 2.4 um.

In one embodiment an interferometer is employed to produce the forward and
backward beams from an initial, single infrared radiation source. The forward and backward
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t he subjec thods 1 nclude: industrial products, agricultural
The subject methods may be used to analyze avanety of different samples. The

samples may be naturally occurring or synthetic compos:tlons. Representative samples that

20  may be analyzed according to the subject methods include: industrial products, agricultural
products, environmental and waste products, and the like. Specific sample materials of
interest inchide: solid and liquid drug formulations, fine chemicals, plastics, polymers,
membranes especially those containing trace analytes of interest such as enzymes, paints and
other chemical or physical coatings, liquid products such as petroleum oil and its various

25  distillates including heating oil and gasoline, minerals, natural and synthetic gemstones such
as diamond especially when in its powdered form, liquid manufacturing wastes, natural and
synthetic fibers, wheat and other grains, milk and dairy products, eggs, meats and other
foods, liquid and solid fertilizers, lake and other limnological sediments, and histological
specimens.  In many embodiments of the subject methods, the sample is a physiological

30  sample. By physiological sample is meant a sample of material that is contained, obtained or
derived from a living multicellular organism. In many embodiments, the sample is a tissue
sample or derivative thereof. In yet other embodiments, the sample is a physiological fluid
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r ef er encesamplee.gmegabalites, prpseins, & P&d%gﬁ“{i@ gtonas well 8s0 ?Wé’a“%e of the

fggglrgnczaw' <F&%g§ an aqueous%%ﬁ%n t\eﬂfgﬁéelg %Z@Qon may et Bﬁre

water, a yﬁh&ﬂngptﬂp&fﬂe@@fﬁﬁm&h&hmymaﬂmmwhdlmmmeﬁhee t he
comor | s1 nEpteRBsKsioTRges & BAaREATY WK 1&%?%8%%&%&%‘3@3@@@%
conprisin € e,
e.g. t | | mﬁﬁmﬂ ot her
scatt gfl ng corrponen‘?f:&klﬁ&fudr%Rgﬁ%%ﬁ%%@?@n}%uaﬁge?| es of tlIssue,

an agent ( Spitdbleéortaitinafitateant inchrieahéserfhbiricatuddiem siliesn, ehlcimmiuoride] mﬁmby

enbodi nents ip which the sanple is tissue, the reference conprises a solid
materi al Shystal quariz-anddhe, MFFaJ or conponent. \Were the reference 15 material is

means.  Sui L ante: Raerehbe el G, cabpY ARy ibic BNehAR ey W AU Lo,

cal ci um f tomainetbin a cellaving a vaciable pathlengtr 617a comstanhipathlespth. Whererthé er ence
TRt er |20al : erencl:es e% g%t%%c :apcctu;]s(taan'tsgb e%tgth,mgﬁehpoa%ﬁm@}/optie reffellegclze cell, i.e. the
distance that the backward beam traverses as it travels through the reference cell, is generally
at least about 5 um, usually at least about IOOumandmoreuéuaﬂyatleastabout 1 mm,
where the distance may be as long as 1 m or longer, but in many embodiments does not
exceed about 1 cm and usually does not exceed about 2 mm. Where the reference cell has a
25  variable pathlength, the length of the reference cell is generally adjustable by asmuch as a
magnitude, and in certain embodiments is generally adjustable over a distance of at least
about 1 cm, usually at least about 1 mm and more usually at least about 100 pm. As such,
the pathlength may be varied by as much as an order of magnitude. However, in many
embodiments the pathlength is varied, if at all, by a factor that generally does not exceed
30 about 100%, usually does not exceed about 30% and more usually does not exceed about
10%.
Alternatively, the reference material may be 2 solid scattering material. The optical

scattering and absorption properties of the refercnce materials may be matched to that of the
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contained in a cell having a variable pathlength or a constant pathlength.
Wiere the 20 reference cell has a static or constant pathl ength, the 1 0EC 2004
pat hl engta, oJ t,,&% reference cell, i.e. the distance that the backward beam
traversesV 2 Y ravel s through the reference cell, is genBFHUSHIGE | east
about 5 m wusually at |east about 100 mand nore usually at |east about 1

mm  wher sample. dos tsamples, sagh ixtissae,|the geferende material inty dera, solid tvithrwaranys a

enbodi nent s .does not = exgeed ahout, 1 can and, usually daoes not exceed about 2
. Viher 6 TG SRR SIGRERAD. AnSehe YT rEle AR PRI STRIAY SRESRR b of ( he

reference ible! AR, 'tag%. &£ Serldl! g@ﬁgé Lyugde, and in
certain erqrg'%g#lﬁg%%ﬂias genesr’zaailq%ry a Jaté%da»gfg ove§ a flg%’% ce (}‘Fdjgf | east
about 1 cnransmitting yndatefleaingttha@bankivatd beam titfougll evaretyedfimatatals.east about 100
pm As such, the pathlength may be varied hy as, nuch as an order of

magni t3ide. Howdf&panyiembedimentss Adjgsimants are made phitispoy te substapsipliyeequalize at

ot excood ity S8 sREBELA M BRFo Tl EG i o8 W mbilintalBant o5
Al ternati vid snergyhef the two Boans Wieant tHat PEous Patinfetrs 6F the divies employ@t Brthe! -

The optical scattering and absorption properties of the reference materials
may be masubject methedssare adjustad imorden toppttaingeltrepcy ol smplbepms thasyarylio 204

sanpl e. Fqr_sampl es uech as tissue  the referenceg material' may be a,solid
o h vt o e B9 o] of Rsn i Wons 0% oy B raf b % apf orr S cice
mat er i@l ey tiedubohit 2% Bytbptind] dule Raheing a W8l &1 Wik the TRIling 1aAP st 1dabie

reference beam may be generated by transmtting and reflecting the backward

beam t hr o@euts: L, arspallyatdeastahont 26811sandomerg usedlly abless abatrt0s1, whijre thermwlling ar e
de at thj int t b tiall | i th f t

ond t her criiRg B ek figh BEA00T or Rahér, Bl Breichfi sbct o PR e DT BYRBERCY o,

of the tweathfia ieant: thembiulafed (a ¥ édmipisneR) R (il @bGy Preskitan ey fopRar@Behyed i n

the. subject methods are adjusted in order to obtain reference and sanple
beams t hal the fw gompenant) efdhe energispresentin the eembiped beamsual | v

| ess an 9 [ I 0, p. Y, 3 1 nul I'"
< ety A Aherts R ol B RadR S pitelp SRSl RAR o e e bRl V)
at | east giowferdite’cel pakhivnst dud/vrladjosahertefsthe abalap of Gielsampieard refegerieal | | ng
-ratio may be as high as 200:1 or higher, hut typically does not exceed
about 50: mumnwmquMM%@%aﬁmﬁm%em) of

component APy R cishd the el 8 efer i el o gL BB Rt o |,

may be madgridble stedtiugsoss thatarerbinmonly khdvmin thefield: 4 cirduled gradielit usdtalRohsedt o
20  attenuator, and a claw attenuator), and adjustments to the composition of the reference
material (for example, if the reference cell contains multiple components, a change in the
relative concentration of constituents in the reference cell). Where the reference cell
pathlength is adjusted, it may be adjusted by as much as an order of magnitude, However, in
many embodiments, the magnitude of the adjustment typically does not exceed about 1mm,
25  usually about 0.5 mm and more usually about 50 microns.
The next step in the subject methods is to detect the null beam(s). In one
embodiment, the reference and sample beams are cornbined at a point prior to the detector

into a single beam in a2 manner sufficient to produce a nuil beam, where the null beam is
characterized in that at least a portion of the non-analyte signal contributions are absent, i.e.
30 they have been canceled out. In general, the beams are recombined using any convenient
beam directing means, e.g. reflective means, beam splitter/collimators, fiber optics, etc., into
a single null beam, Alternatively, the reference and sample beams may be separately
detected and combined electronically. In the two-source embodiment of the subject
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the reference cell pathlength and/or adjustnents to the overlap of the
sanpl e and reference beans upon reconbination or collimation into alfrM®
nul | bea ahq{?gﬁ?t_’nents to the intensity of either the sar‘g)l e or reference
beam usi %0 abl e attenuator (two exanples of variabl® BVt 8AGHors that
are commonly known in the field: a circular gradient netal -coated 20

at t enuat anyermdiod, the céference dreinsaaipbe heamsrack ajtried tinte thesfotrwardtand backwe tports  of

th f . terial f..th |l t ai

mil 1 pl o oG BN e, e P OGon e NGB SEHIGLr i on of cont i t uent s
in th f ted, it
may. be ) ust oISy st BT the B SRt RO R 10 BB T

enbodi nenhformbtien neg@ﬂmguﬂe prdfsetided amdipfiet amnint }tof thecare or xﬂmesanaipltes efceed about
“1mm 25 ysual |l y cro The next

bout d | boyt .50
top i Grast (e Frnple oAk Kenyaaaiops heckiehiod i CouaRRlE) S(re) omeraly
embod Mey 1208 A6 BB BRACRGITRI i EARFis A5 EsL P AR cBhupudifLPine?" 07 10

"the detector |nto a single beamin a nner su produce a nul |

beam whesi@al Reotvdried frmyuh analoto digital sighsidising ah DED cedvertersind thedekiltann of
t he non- anatﬁte si_gnal contr| butions are absent, i.e. 30 they have been
cancel ed dgital sigpal yeprocessed bﬁ@mtqﬁ@pmmﬁoﬂe@msgdm ERISSRNSE ent

beam dir @cggté}rgg%ggqﬂfa&%ésgg invtﬁ? beam splitter/collimtors,

fiber op e nu am Alternatively, the reference

and sanpl e beaps afialterattivtot: aﬁneingm@l@p&ﬂm@naﬁdaf@hﬁwmmlmf gcally. in
the two-source enbodi nent of the subject 8 - 1 DEC 2004 V\D 01/ 5%%57

PCT/ US01/detsztor, thefervrard and barkvyase beasmsomaychrseparafsliedetectod and eleptipmieallyd into

of “the oqPBpACREpENtan, BRE bbcaShi i § i%ﬁﬁ%@ﬁ%&? g,y octection

det ector (aidphﬁhﬂ‘lelnﬂm&nﬁ)b&hldnﬁlttmuﬂﬁﬂaﬂﬁﬂm thé spemf&hl mspdnezgafﬂemgo&ih&cwtesence
(and often am)untial he_one or_ nore anal ytes interest .in the sarrpl e.

In this d»@rsv%wﬁ ratt%earaéqb%mmddn ?rse;nhoslva%y’ themaesent

anpl iy w%%h de&%{t Is rejected, the A C ‘
corrpo%ent b SI gn%url S convert (%‘rp n?an anal og to digi taI signal using

an ADtcon;/erterheagbdedfmnbafmbmadtmﬁggpmcdlmglmymmmgsme@?ﬁmte f
conput er rovi de, i nformation regar rese concentration o
el yt o5 Gppale ot ropidingdbe FRASFS forant s DaRkRI g he AP

optical if \P&uﬁﬁﬁﬁ]ﬁ& r@feﬁa‘n saﬁ@ rd and
backvvard eamns rra;ﬁ%résgepar ate tect k@ ctroni ca%lta;q/nmba!}%nced and

conbi ned Representhtivet devities uﬂnc@rmbsmw!e foonsei m:pchctngmgﬂ:ewybﬁcSmmﬂ:ﬂg are now
20  described in greater detail below. |

. F

DEVICES
Devices of the subject invention that find use in practicing the subject methods are
those that have at least the following components: (a) source(s) of infrared radiation; (b)
25  interferometer means for producing a forward and backward beam or introducing forward
and backward beams into the interferometer; (c) a reference material; (d) a sampling
apparatus or means, e.g. a holder, or other means depending on the nature of the sample; (€)
means for producing a null signal from the reference and sample beams; and (f) detector(s).
The device may further include one or more additional components that find use in
30  practicing the subject invention, such as an analog to digital converter (ADC), and a digital
data processing or computing means, etc. These elements of the subject device will now be
described in greater detail separately and in terms of Figures 2 and 3, which schematically
depict representative devices according to the subject invention.
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anplifier. In this enbodinent it is inportant that the spectral response of -
the two detectors be simlar, if high null ratios are to be achievng[Q%g
yet anothe; enbodi ment of the present 15 invention, two |ight sources an
two det ecVYOU Y be used. The above described methods nayPEBUSEHERSLed
usi ng any conveni ent device that is capable of providing the requisite

forward and badkRgudesieans3, deoicd 20 gndliltizs aaopice ofiitdrarédfadiation 5. THe infrdredest ,
and reconbining the reference and_sanple heang intQ.a _hull beam
Repr esent d8q13RODFEYICEARAY e Ay copvenient sawre 1nuding 8 whitelighbsqueseng heated subj ect

the- subj odtuetb bl o REE e o BIBER P, AT or BRI e o webf 07C ©
those t hatthéwaywl §R6frutnoF iriterebt0 V6. TiEht BRGNS Wasdlergdh r&RiHpRdS bt 0. ig ar ed

radi ation, (b) 25 interferoneter nmeans for producing a forward and backward -
beam of i #0Omugwes.ng forward and backward beams into the interferometer, (c)-

other means dofinteteah i dtictallis p sk ARRI Rk el 22 Wil e Base B g
a nul | sl dBabe TN APcapible P BERpafila WAL EIDERTBICKIAN biokn SPLERARRASE  _The’

device may further i'nclude one or nbre additional conponents t rind use
in 30 pradhe devivg in Fig. 8 abiapableiof cennerting ansincidentbeam of ightodj]l fromdhejinfrated
converter (ADC), and di,gital . data processi 0 in ns, etc.
These of criditonspiits 2t atonverting R oo tPTaTd et bAOGUR bER Y hoat or

det ai ljgse 8RBkt éﬁffﬁEalBrf' L Eeam i,qu,i@qgﬁf&x '

depi ctlore%fﬁggééﬁng%i ve devi ces acc%?g‘iwrﬁg to t%eﬂagiasza\ggt I n entiotr%.zﬁgbéxl DEC
2004 WO 0 fikedairTorR2t/ affhdptivagiivadditidriaboiresrs foradintcBog thevforward bedm irta de sut

source of infrared radiatjon,21. .The, infrared .radjati.Qn source nay.be any
conveni onet BiRERsromatar Alsaghavivis omionl ugses S, Yarigble Bt rtpietRad and,
net al Ca”ﬂEﬂEtonF1 efc., solong as it is capable of emtting infrared |ight

having the wavelength spectrumof interest, i.e. |light having a wavel ength
rangi ng from aBeferrifig @ the dedicSin Figc3,ahesbeatd splitter 2220f the inteiferomete @2 s a

capanlie. oPrORUGE IR er Aol PeSUR DHaa FoIREd RS 337 Frarrd SIRat e “{ e
oo DA G WSt 00 i e i 1
backwar d bleagti@patiihfincident light from the radiation source 21. The backward beam is not

necessarily overlapping with the path of the incident light. For example, if comer cube

optics are used in place of the fixed and moving mirrors in the interferometer, the backward

20 beam path is offset from the path of the path of the incident light. In this case the backward
beam can be collected without the need for a beam splitter. This arrangement has the
advantage that no incident light is lost in the collection of the backward beam and the total

amount of collected light compared to single beam methods, is doubled. A commercial

interferometer that provides comer cube optics for the interferometer mirrors and provides
25  easy access to the backward beam is the Bomem Model MB-100. Any convenient
interferometer may be employed, where suitable interferometers include: the interferometer
found in the Perkin-Elmer 2000 FTIR spectrometer, and the like.
Still referring to the device diagrammed in Fig, 3, a beam splitter 25 is placed in the
radiation source incident beam which coincides with the backward beam as it exits the
30  interferometer. The beam splitter is sufficient to redirect a portion of the backward beam out
of the incident light pati so that at least a portion of the backward beam exiting the
interferometer can be directed through a variable path length reference cell 23, Typically, the
beam splitter 25 is a 3% reflector, usually at least a 1% reflector, where the beam splitter
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10 Mchelson interferoneter typically includes a beam sputter 22a, a noving
mrror 22b and a fixed mrror 22c, and optionally additional m rrer]s[][{pmm
directing the forward beaminto or out of the interferoneter. Also showm Is
optical tWOME2Anpl er 24, variable path reference 23 and PERUSH 6006,
Referring to the device in Fig. 3, the beamsputter 22a of the

i nt er f er omey wfle@2ipltd abootliYésorhigher bdt feerally dosgmbthmctedaboutsmm &% For war d
beam 32 is di r,ecLed out of the interferoneter in one direction while

backwar d {EsRient beam gplitteriraay by empleyedn@ich 4s upseateshcaldy partirlygetalizedglass of

I nci dent Ll f Fadi. gkl e rd, beami|s nat
necessari Hyc&g@%raﬁgpﬁb% E‘ge'vﬂ%@‘h@%ﬁ‘?ﬁ@@f‘ﬁ%b%@ﬁﬁﬁgw 'eﬁeﬁﬂﬂ%l e, if
comer cubehy copichiat fieans it ak Peflebies nfifrofshite.f foerbf@Bste MRt M rrors in the
‘interferoneter, the backward 20 beam path is offset fromthe path of the

path & the i ndeo@nebleipgthlengtinreferercesell 33 isén wamyomberiments,m vamablee col | ect ed

i t hout t d f b tter. This. has th dvant
hat o | TAIEHERY whRE oL MR DR ahlus eoRpPrBRR PRRSH A thedeBoroRe siliBE Sh and
the tot al maydmitludefaddfionaCédpdnatl!e. £ PFOREANIi, %ié%oﬁte?,eﬁ%%ﬂo%’ 'S

doubl ed. A commercial interferoneter that provides corner e optics for

t he i nt erdesiresknAtrepresentativesexamplenfmnadiable pathiength watereall that minebepresentid beam
i s the Bqopem,Mdel .MB-100.. An nvenient . i.nterfer ter ymy .he enpl oyed,
wher o suiBRBILH foitdisAgnoal po et Vet CRDTAHIn FEHE | 1 1 he

Per ki o~ El filkide QoW B reResidebalth 81 enifids (Hiftn {Hek/Briablb gﬁﬂﬂe’hgﬁx%{?féﬁge 1.t he
device diagrammed in Fig. 3, a beamsplitter 25 is placed Th the radiation
sour ce i nidiedaekwdrd beamtand wefersnne beposarpidirected shrouglkuserof peesholicreflettorsd kas t he

30 interfer ter..The beamsplitter is sufficient to redirect a portion of
t he back\ﬁﬁpgTﬁM‘Pﬂ_ ‘the incident light path so that at |east a portion

of the backwargean¢dhe spticdal pebpeRRRs of He@bfeRi a&eﬁﬁﬁﬁeﬁﬁgéﬂ%{cwgh a

variable path Iength reference cell 23, Typically, the Dbeamsplitter 25 is
a 3% r ef |psepesties of sheasdmpletFarexample, in $he case wihiererthe wample is tissudy Srerbackwatder 10 -

1 DECG_20Q4 1192857 .PCT/JSQ1/ 16204 fl t. t 50%
i ond o NA D ghresteh i s sy et fbtreh & il Fors Bty o
splitter refactdddightialcollested Bkt lised as HiGeRidide badm. InRdditiontd beiiB highly zed gl ass

or quartz, and the like. The redirected portion of the backward beamis then
di r ect ed scaiterng, the refereaes matasial may-contais gbsorplion featusesttbstare similantosvate,. | to a

ermboct ot bieg s coniel s o ok g FB b B a5 Polion slisgaina ' " T
conposi t ilpiis 6 Rt miafchithe thlegrepertesc A belMfnbus material containing water,

20 collagen, and possibly other materials may serve as a suitable reference material. For an
optimal match, the water and collagen content as well as other components of the reference
material may be adjusted to match the particular tissue sample being examined.

An alternate method of matching the optical properties of the reference material to
that of a complex sample such as tissue is to transmit and/or reflect the backward beam

25  through multiple materials. For example, the backward beam could be transmitted through
two variable path length cells, one containing water and another containing lipid in water
followed by reflection and collection of the diffusely reflected light from a scattering
material. The path length of the water and lipid-containing transmission cells could be
adjusted to match the optical properties of the sample.

36 The forward beam 32, after being directed by beam splitter 25c, is directed by a
parabolic reflector 42 from the interferometer to the sample holder 24 which contains the

sample to be analyzed. The sample holder may vary depending on the nature of the sample
to be contained therein and the nature of the reference employed. Any convenient sample
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may not include additional conmponents, e.g. proteins, |ipids, netabolites,
sugars, etc., as desired. A representative exanple of a variable PAURE gipgt h
water cell that may be present in the subject device is a variable path

| engt h t r@MP93870n water cell fitted with cal cium 10 f| uoPCHESIIEBINS. A
ref erence beam 34 energes fromthe variable pathlength reference cell. The
backwar d twekler sonfiguritioremade betoofiaay eontienient matetial magive stfstodd. Phadp! i ¢

reflectors 1 a an 41b yor_ 4lc. eaIIy t he opti cal propertles of
the refer the saple ge{RSE’éIEJ‘SFH%%W eroldgrar angans for diyeqting she forward:

sanpl e. %8 1 gﬁﬁﬁ ‘yﬁﬁ ckwar d
15 beam maymg gmsecte égﬁ% F y%%@?[%??&glﬂ&}hggae#gﬁéggm%yfrom
whi ch di ffpambbkcrélfebmtmahdghﬁorszmol | ected and used as the reference beam

In additi.on to_being highly scatterin % the reference material nmay contain -

absor pfi on f e'atﬂ!hf‘éé’i)ﬂﬁéﬂeaéﬁ aresgspedially well suitedto theadehvmwdamﬂbcunmfd:ght ot her

Fur tnor et ik B0 SR Bkl M, TheBvl Phemis SPeall 5ieed oftag v o1

20 colIagemgleaapﬁca@ﬁrwmbahmerofmaé@&wﬂtaatrmufé&fs\s?ﬂﬁ t ek f3k& T ef erence -
material. For an optimal match, the water and col |l agen content as well as

ot her conmﬁéwdstoﬂle numericsl ap@tuceofﬁhaﬁben ol fibeesy 'Hmﬁix&;mteaﬂl ltsalflshcbulﬂlbbhe
particul ar sSs.u a exani ned. An al nat.e net.ho t chi ng t he
ot § cal potstabf 3RSHeFent i 8, oD b of Hrefoss I e G 7@1

such ag tmhsbﬁﬁuléwmasﬁsmeﬂlb%gﬁﬁﬁmea&séﬁ%mhﬁg erb ugh
multiple materials. For exanple he backwar d "beam Coul e tfansmtted
through eomastavith jeted dightsis themecollectediimith agepaxste fibemst amdieher

G 11 usel yoribaCT ac&ﬁ‘ﬁp Pﬁﬁ%g%mierr P I PR, 3SR B AP of

the wat er fipék)! lﬂﬂteﬁn@%lgﬂtﬁ&d&eéﬂo%’ﬁﬂ&ﬁhﬁﬁl&ﬁh Be agp% Withlgh t O
f orwa eam 32, a

mat ch the opti cal properfl es of the sanple. he fter

bei ng d| rwwéeerrm,g afdaputdihiers tﬁwmandgouncnemﬁbasmayalsommmedanmef | ect or
42 fr fer ter.£ 0o, the | e hol der ontalns t he

sarrpl P%g ﬁln g@w& d%ﬂmiﬁgj Mﬁ’%’& “1? Ht O QAU ur e of
the Sarml €berk Qﬁé}i@b@&ﬁhh&ﬁﬁ&h&l &%@H{

enpl oyed. Anymcagnvenl ent sanple 11 - DEC 2004 WO 0%/ 92857 P Ug%nl/ 16204
hol der conpadqyeshieldomayhe e Wmﬁemmeﬂ@mﬁbmammmmm&eoyed. I'n

it bt g SEHRE PPyt B B rind ey R P 8 s Bt oSSl gos
fromthe pagipbehrygh ithe siniglet ed by
20 As shown in Figure 3, the reference and se_lmple beams, 34 and 35 respectiirely, are
then recombined at a second beamsplitter 25b, which may or may not be the same type of
beam splitter as the first beam splitter 25. The beam splitter 25b is one that is sufficient to
recombine the sample and reference beams to produce a null beam.
Alternatively, the reference and sample beams may be directly recombined on the
25 surface of the detector without a beamsplitter. A convenient method for direct
recombination is to bring the reference and sample beams obtained with fiber optic samplers
into close proximity or direct contact with the detector. As long as the intensity of the
sample and reference beams is well matched, and the detector area is equal to or larger than
the area illuminated by the sample and reference fibers, an excellent null can be achieved.

30 In the device depicted in Figure 2, the forward and backward beams are generated
prior to the interferometer using a single light source and a beam splitter. As with the device
depicted in Figure 3, the forward and backward beams interact optically with the sample and

reference materials, respectively, to generate sample and reference beams. However, rather
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parabolic reflector 42b and mrror 42c. 5 -Fiber optic means are especially
- well suited to the delivery and collection of light fromtissue anq [grtl:zgq‘
scatteri 6]%99§§47al S. The forward beamis typically focussed OI’qltO a’ [ e
optical fI'Der’’6t'a bundle of fibers such that the focus of P¢HESYWSM! beam i s
wel | "matched to the nunerical aperture of the fiber or fibers. The fiber
mat eri al thembeing serombinadeafies thedntarfetometey 25 imthe gaviendepicied incFig 8, ilsesandei on

of interest,. An order to inject l.ight.efficiently, 1o the fiher or bundle
of fiber sa_nldé"%“ 4 S’Fft’fﬂ‘@me qo'm @@%@e%i‘ﬁ@ﬁ&eﬂﬁﬂ%%ﬂéﬁ%ﬁ&&itWPo di rect
cont act Vbebﬁs‘iﬂtstﬁ@fﬁ?&?oﬁ?ﬁﬁamﬂﬁ&bﬁﬁt&ﬁ}ﬂfnﬁeﬁ then collected with a
separate fiber or bundle of fibers. The collection bundle is typically

annul ar i n ar riarthedevices depittelin bothrifigs. 2remdi3) thet emergdnt ngibbeartB6 Bithei i vel y,
th Il egti fib dl b t i d wthi |
Hing o [ GRsteRiants Atecker 86, Spsonal oo adens A nvhich Sowes thamy heamortanged
Jina 15 rA0damser. Pk Gbl@bed a%H&%or@ﬁatm#ghﬂg of%:dﬁﬁfué?ﬁp@iﬁ&ﬂt%ﬁh beam

y be al a non- mal

t hroughput, the 1 nput or output | bers | SPOS

angl e w tihtoransamalolg signal. ypdoawenient deteetos anap be employed,pasresiitablelddtedtyrs be
pl aced bet n the input and o ut fibers and in contact with the sanple
to pr eved?gl\‘ll?‘feglﬁé"#‘? a5epge ) yadmyrs antimanide, fa8b); germaniym, audgbe s
wi thout fijikst passing through the sanple. 20 As shown in Figure 3, the
reference and sanple beans, 34 and 35 respectively, are then reconbi ned at

a seaond beantfte Ak coftiponentholf the detestor-produced ahalbg sighat isthe® atplifedobhildeam
sputter as, the t&'éﬁ;hbbeam splgélter D, Ihe beamsplitter 25b |1s one that is
suf fi ci efEie¢tns Forapensat %%Piéwz?@fb@ﬁ%mlswshwsﬁlk@ anelogte digitad | |
beam Al t.8riaid gb@ @Ieﬁ'én I %@ﬁa@m [ Ly, .
reconbi ned on e'Itrxe Sid;%ﬁ ce gﬁcttﬁﬁggﬁ%‘?gg?o@nw ou a"‘gg“a"g‘s‘%ﬁ’ﬁsﬁéﬁ.ﬂ A
conveni emhe devidey svhiers regrasentativer apaplifilorsrof iriterest incltde: Ithid AD 797 e and flerlikec Thend
sanple b obt.ained with fi tic lers _intp close Ximty or
di rect cm&ayv?ﬁ@ytw&?”ééﬁﬁ-ﬁﬁﬁﬁh%ﬁéfm%ﬂ%t@eéﬁﬁ? H@rg Wyl e
and nef egnRg rgm%qﬁ, Apat gmgng,cﬁfq LaAT +Jjo or
| ar ger tﬁan %%tﬁ%ﬁg%éja T um natﬁgsgﬁ%’ttﬁﬂe sanpl e an r%ﬁf%ﬁ%%be S, an
excel | enoutput lof thenADE ia thengpreckssed byl adathprodessingenahepP?,tear] ai coniputing medns, t he
forward and.hack d be r ner at e rior. to the intepferoneter, using
L5 no o S caphic of SRk e Sufl Sl and dcfiiog fhe fresene. and phes Ot Ate | 1
Figure 3@2@?,@@&@%@@%@pkmrd beanms interact optically with the sanple
and reference materials, respectively, to generate sanple and reference
beans. However A preféresd methodobprosesing the digibllGigaaliincludes the following steps:
20 (1) Optional Initial step: subtraction of the dual beam background interferogram measured
with a background material in both the forward and backward beams from the dual beam
sample interferogram measured with the sample in the forward beam and the
background material in the reference beam, resulting in a corrected dual beam sample
interferogram. .
25  (2) Fourier transformation of the dual beam sample interferogram (either corrected as in step
1 or uncorrected), resulting in a transformation of the interferogram into a dual beam
sample spectrum,
(3) Optional subsequent step contingent on optional initial step 1: Fourier transformation of
the single beam sample interferogram measured with the sample in the forward beam
30 and the backward beam blocked, resulting in a single beam sample spectrum.
(4) Computation of the logarithm of the dual beam saniple spectrum, resulting in a dual

beam sample pseudo-absorbance spectrum.
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PCT/ USO01/ 16204 t han bei ng reconbi ned after the interferoneter as in the :
devi ce depicted in Fig. 3, the sanple and reference bearms are now &t&fHiZigd
within the interferometer, by injecting the two beans into the two ports of
a M chel sYR 188 eroneter. In the devices depicted i n bot RCEU§81/16204nd 3,
t he ener beam 36 is then 5 directed onto detector 26, optionally

ent nul |
t hr ough %SFQ@IOZB’(%‘PSWWWM oa stepl1: Gemputatiowof thidogaeitten bfthe The

det ect [ ' bl A t he inci t | . b
"t o an anaisDEREIGEt Bineld eccoin SRRty e St SP i< or i Fom st 7
sui tabl e detbeahGampleipieudisbiddh aackﬁm,%kﬁﬁ%m S béh%lé‘ﬁﬂrgg hgﬁrbugifcet e

anti nonide (1nSb), germanium and the 11Kke. The A . C. co
det ect or - pr speftaE.anal og signal is then anplified while rejecting the D.C

conpopent lifi.er 27 ose gain ig set to fill an anglog to digital -
conve ter(Gf%P@‘gBQPQSE}Wg%ﬁQﬂCFW 8%1%8@33%59@?“%}’6@5% ﬁiaéﬁﬂmg ftfmer may -
be present &yl dariies b%@egp%%@ﬁent ative anplifiers of interest
i nclude: the AD 797, and %hse 't ke. The ADC may be any conveni ent ADC.

Because &) Swbtractionrof agheanispeatawmi from thi ecalddabsorbdncespedtiurheresulting o - hi gh
precision ADC. As such, t AQC need only be a 16-bit ADC. The digital

out put of t%@?ﬁ%ﬁ&%@%@eﬁw& data processing neans 29, e.g. a
conput i nggyRAlplicatibh 6P edch spERAPHGnCh théls 50 ' ﬁ%!geri ving
t he presgnce, a?ldcao_tenearrpsgnt oijl; ana?ytegg'géﬁelgreeﬁtsgéln sé“%gﬁépfe.

prefddred nbylacegressign coefiisnhg the digital signal includes the follow ng

st eps: 1 tj,onal .l nitial, step: suptraction of the dual ,bea
backgroui% &H#&%%ﬁ&d%ﬂ?@&ﬁﬁ?é’&“&lm rrﬁﬂ'ﬂ%“ﬁ'ﬂﬁt@r PUPHOLSEN t he
forward andaRaGk\WBhébnBaRePin[the > dual beam sanple interferogram neasured
with the sanpl’e in the forward beam and the background material in the

ref erence bear¥herseslirigtfungfionnmearcspectrumeanditegtestion noafficipits ard detemfisedogr am 25
Co r ect e IHLE P AATrEON B ShecHPOOR BB B e PLBE AgRHsERon of
the 5t eFTER AgEdHR dfffafipfes Widbe AR cORMHrSIGHRER kitivm. (Ble %@m&%bsequem

step contingent on optional initiral step 1: Fourier trans f the
si ngl e bewan speqtium, iand segressivgreasfiicientsare deteimined inca mamnek ¢hat minimézdsdhevar d

Spect runEERE SRR PeRITS TR GmeRERR ot fe adte SERFIEBRR e <pect r um
resul ti ngrddictdd fied the AAATPTIR §pbctrad SEetHRiqASRF ReddniplislaRs ifis'Me well known in
the field and include partial least squares and principal component regression. Both these
20  techniques are discussed in depth in the book “Multivariate Calibration” H. Martens and T.
Naes, Wiley and Sons, New York (1989).
The above-described devices may be laboratory scale devices or miniaturized for
field use, e.g. doctor’s office, home use, etc.

25 - UTILITY
The subject methods and devices find use in variety of different applications in which

the detection of, and determination of the concentration of, one or more analytes in a low
transmissive sample is desired. As such, the subject methods and devices find use in the
detection of analytes in a wide variety of different types of samples, such as pollutants or

30  toxins in environmental samples, e.g. soil or water, toxins or pathogens in agricultural and
food products; detection of impurities in industrial products, and the like. One application of
particular interest is the use of the subject methods and devices to detect the presence of one

14
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. contingent on step 3: Conputation of the logarithmof .the single be

- sanpl e spectrum foll owed by the subtraction of this spectrumfromthe dual
beam sanpV® $8&¥do- absor bance spectrum resulting in a dusfCHEHHIE®MDI e
absorbance spectrum 5 (6) Miltiplication of the absorbance or

pseudo- abssihere blo e By indvivs ot ivivd phgddlgical simple] & g MElodd) tBsuet £
absor bance spectrum ) Subtraction of a nean spectrumfromthe scal ed
absor bancedesiyativerthereok esul ting in a nean-centered scal ed absor bance

eal ed absor barfb g of i Bt HaE Btk e BEhE e brtmeegs, 836tA ng t he
resul ts ofreiesntative Wilyias inchilg CdlécHol, il fehyl& SHIchid) Eluit Smid d%fe%giyféérbg“ of the

anal yte concentration 1n the sanple. The scaling function, spectrum
and r ef§r edstashydrorabhityrite di-lactate; lehwing; malicacid, yruvicjacid, stéroids adscarbicpsise.  The

Sl ce. wibeBnaRH o kel Fe S RoHTE Aprionih, NUbIR FroGEine, AGPERRES RS roan

spect rum ihg ' ki fl t
P u ﬁ@ﬁ&lﬂﬁﬂﬁbﬁ?&@iﬂs Gﬁélﬁ&hg afbiiirin ﬁ{deglmmﬁgsgntr ﬁ%ﬁsggnd t he

mnimzes the difference between the known an
anal yt e chemmceatidatsrand dpugsdif abwse. Whilenin peinaiple theshibjectsmethbdamay Beoseditques

for acconp] jshing,this are l.] known in the field,and incl artial

| onst© soudelsdmintdneproseatts and Soim SHESHRtrE, SLER BHITIRIA hVatele of SHERRE hny ques
are dhgcu ' ' BARK teaMl sk d adddahe ke WaleLy ens and
T. Nzigs, %\?\?#gl?@igﬂ?ﬁ%?ﬁé{kuﬁ%% Yorkt?a%%géﬂ)#’ The gg%&%f%?%&‘eg lc'}]e\h/‘lB f:égs may
be | abor atforysesun détermising tsscomcentrationtofian aralyte an blobd er Hlood dractiony. ordissueoor s

o 11 "S5 e SEben ool P B A SRR s ™

det er ni na%ﬁ@oﬁﬁoﬁ%,&%&&?ﬁ@%&hﬁ@b@h%&?&ﬁﬁe ﬂl‘i%ﬁ:oﬁﬂtaét%’ %@%oée’]n g if¥ivo or

transm ssive sanple is desired. As suc t he subject ne ds an evi ces
find use ien vivodissgtesagpld. on of anal ytes in a wide variety of different types

S0i 1 0¥ vt or . Lol opieosEasmivess accaiiniaithe Fbleck Aot Bads e, s, © O
det ecti on vﬁﬁ%t? 9P Hiffeldn® fheltidall dppiliddtions)| indMi BA GsSase ARENSHRE disel® mitdfement,

application
and the like,

The following examples are offered by way. of illustration and not by way of
20  limitation.

EXPERIMENT.
L Analyte detection in an weakly scattering aqueous sample
For a sample that is weakly scattering and strongly absorbing, such as an aqueous

25  solution of analytes (eg. blood serum) interacting with light at near to mid infrared
wavelengths, both the forward and backward beams may be employed in transmission
mode. As an example, we compared the predictive capabilities of single beam (prior art) and
dual beam FTIR for aqueous samples containing three analytes of physiological relevance:
creatinine, glucose, and urea.

30 The instrument configuration used to perform the experiments is diagrammed in Fig.
3. A commercial single beam FTTI spectrometer (Perkin Elmer Spectrum 2000) was
modified to function as a dual beam instrument. The instrument was kept open to the
atmosphere (21 +/- 1 C, 40 +/- 5% RH). A 50% “polka dot” beam splitter (Oriel
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particular interest is the use of the subject methods and devices to detect
the presence of one 14 - 1 DEC 2004 WO 01/92857 PCT/ US01/16204 or nore bl ood.
analytes in an in vivo or ex vivo physiological sanple, e.g. blood.-t

or a derWVPMN7t hereof. A variety of different analytes Hﬁ?ﬂbévﬂéﬁécﬁzgﬁ4
usi ng the subject nethods, where representative anal ytes include: alcohol

for mal dehjtdgumehtsCes€sl nd! 38 FUB) Gvad tbél todkyiafethe light sBRca ahy FARRaRib

L-lactate, leucine, malic acid, pyruvic acid, steroids, ascorbic aci

acet one ahee orward hesnowas seirefected ofiafa, 508hnolia dot liam splittento equelazfelthe ne,

of ool + ncitens BF O pp Raghy, Golcdhied B belc PEichlont incinedlhararvadall ugs. of

abuse. WidcRwhali BlatidGhid) the s0Rple Bid FFbreiRlRAE TedRUVRE. UBREakfle &ﬁ&g{ﬁnﬂet he

presence, and often concentration, of an andlyte in-a varle
10 physi meﬂghuéapaﬁldphghpfﬂimnaasmﬁMbﬁthammngdidw&nthﬂdqﬁmdupimxl t hey
are particularly for ein det ni ng he concentration_of an

t ed
anal yte i g PW&dngl%ﬁW ¢ spfaplg an T grg%ce(ﬁe afedat 22 Oz H-hi

applicati@n - éila&? flitst d s
conposi t |%ns(,}?{l% téd hedf%{rl%stgﬁtc‘gérg%ﬁ% It%re:?m ne e%{i%e armdLT%%j %gﬁwaaucose
in an in beams, The twa b\eammweresmmmbmb@u sifga BOYeasil:0dot Geath r@litedr Ol anal ytes

accordin sgge SUbJIngé, nmet hog ds use in a variety of di fferent
medi cal %B prig e Insh deteeo teg pelgNesea; cooled th ZE Khwsing asiligen and

the lipke g e&%”fdfb!nk E{%rﬂ; ered by way of illustration and not
by way of I'imtat P%ﬁig?ééﬂsﬁ\o/&ﬂ? L Analyte detection in an weakly
scattering aqUBsB.Gaopipenémof thessigmil evad rembovied and e A Cs énbgragnd
strongly absarbin n aquyeous,. 25 solution of analytes (eg. blood
serumn) m@ﬁe& 8‘*‘“&@ &Hﬂ"&f" AdD)ponvertes: aFhepull fatie %@ setofhot h t he

feira“nﬁ{g AN Ha «pROTRDY 4P, TR %?ﬂ*@@%ﬁ“’é?@%ﬁ’f@dﬁﬁa#@w art)

and  dualcomeerter WittRh aualpamosignab wap hproxinately 40 times thatof the aingledreanf
Cont Maur e Tietale beion £ ial hea (HERRRGHAE 7o ieflmubage AR b otheg. A
cormer Ci gy édcﬂ%ﬁpfé.e?ﬂé Epeckra SREE prRTREE hedorRh M‘%&a&%@%&ﬂﬂ}n@%@ vas
optional steps) described already (see section: “DEVICES”).
The samples consisted of 27 solutions containing creatinine, urea, and glicose
dissolved in water at three concentration levels (creatinine - 370, 650, and 930 mg/dL; urea -
20 230, 585, and 940 mg/dL; glucose - 0, 250, and 500 mg/dL). The reference cell contained
pure water. The complete set of 27 solutions was measured once per day on three separate
days. The three measurement days spanned a period of approximately 7 weeks. Samples
containing pure water were used as the background samples. Background samples were
measured at the beginning and at the end of each set of 27 solutions. The 27 solutions were
25. made up fresh and were measured in a different randomized order on each experimental day.
Optical absorption by the three analytes is weak compared to that of water. Asa
result, the single beam spectra of the 27 samples are nearly indistinguishable by eye. In
contrast, the dual beam spectra, from which, by virtue of the optical mulling effect, the lamp
emission spectrum and water absorption effects have been largely removed, show clear and
30  obvious spectral changes with changing analyte concentration. Figs. 4A and 4B show
respectively the single beam and dual beam spectra in the 4600-5000 cm™ region of three
samples for which the creatinine and urea concentrations are fixed at their lowest levels

o

while the glucose concentration is varied between three levels. The region of maximum
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nodified to function as a dual beaminstrunent. The instrunment was kept open
to the atnosphere (21 +/-1 C, 40 +/- 5% W A 50% "pol ka dot" beam sgt“gﬂggr
(Oriel 15 WO 01/92357 PCT/US01/ 16204 1 DEC 2004 Instrunents, nodel no.
38106) w¥OWdE8RY o separate the light source and back-war PGIEEIPE/1620Fhe
forward beamwas also reflected off of a 50% pol ka dot beamsplitter to

equal i ze gpaetralichhmieswitly clingingeeltovee baRremrationl (47000ah &CcdprEFRAL t-a kidwieCt Or S

focused the forward and backward beans into the sanple and reference cells,
r espect i vabisqrptipp bardhebglucesedn matesr ence 5 cells had a path length of 0.5 mm

Camper atur e of PORE A el (PESP wh el (TR B¢ Brfie odhieR 8! 3o NEE.

0.1 C. Gpestrs6virehe frtailahse 5£400058000 SmrteAhalyié eaﬁ;ﬁeln&ﬂitﬁiﬁﬁgw_ehﬂate t he

forward and backward = beans. The two beans were then conbined uUsing a 50%
pol ka Sdotexiperimenipl daytwere assessetl by wheesingmparticilar sagipledfor prerintion Zndmsing theet er

56" mm t oCERAIRA oD bRt S Rtatng st P Fanteles RSO REHORHE | ho
AC. coNpoRests-valdated prblitliGtpbrforifaaéd Wad dsbdssdd) Pradialisis &ghfé'b@' doRbentrati

.converter. The null ratio for this set of experinments wasS approximtely
40: 1. Théoetherspecttuoacqnised ini siuglé beam angluduabbeanombié ire comparedlin Figofiv&heer wit h

t he dual beam si gnal app, L nat e 40.tines_that .of the single be 15
i gnal - OGS o5 aanhcial GOk Chdnt AR EFBL? RS TRGIIERRP one
afterjpt h ,Qggg AarenRe BLiSy : foRinEe W LNg to
t he plpocggﬁes ?i ‘grﬁ(gl ng the op?teIiT fr?g%@féé’g?) descralstg% a r%gpde&%ds;ge
sect i on: coDEartiBHESH fromlthe dealhsiamsandsingledteant spéctRivis d13uand 22 8 agrdlai ni ng

creatinine, urea, an | uco .dissolved in water at three concentration
evel s ( aPebhYah ofi Moo 836 inrived susitgich peorBance Cogioad 10 358l bl 040
my/ dL;  gIPMARS the dufdl benPFTAVELIDPRioNGhHe) wasT&?nsfd%fSagrrv?gﬁ@eﬁ% gﬁgﬁ%@@ﬂl pure

wat er. The cogtpl ete set of 27 solutions was nea nce pe ay on three
separ at e a platyef SEhes. momber offactorssindhe PiSimodel(Higed Qnly & fachors sferapseddni nat el y

7 weeks. | es ,.cont aj,ni ur ter sed as e backgr qund | es.
Back g oudte Bomneloeam et PGS it af TL Gl fhs Shele oot rlihaen Brooghch
set of 27%a8ofilVhdiABievdd 'S mime] SEP QRge Were 25. made up fresh and were
measured In a different random zed order on each experinental day. Optical

absor ption by Adnlyte predections agrossmilipleaiays werepasessedtby usingtthefirstdayds datds a
i st | ndiSABRGST P 0 Pegiog gy e b Bt . LS POt the Sople it ch,
by Vi rt ugn@idukltRadRbitfiuesat 12 Bt £ HicRiS, redpe@ivelRre summarized in Figs. 7A to
20 7B. In summary, compared to single beam FTIR, the dual beam technique shows better
predictive ability of analyte concentration in aqueous solution over both the short (same day)
and long term (over 7 weeks).

II. Glucose detection in tissue _

25 For a strongly scattering sample that contains a weakly absorbing analyte, such as
glucose in mammalian tissue, the forward or sample beam may be employed in reflectance
mode whereas the back or reference beam may be in transmission mode.

The instrumental configuration used to perform such a2 measurement is diagrammed
in Fig. 2. A thin calcium fluoride plate may be used to separate the light into forward and

30 backward beams. Since most of the light will be lost in the highly scattering tissue, 96% of
the total throughput of the interferometer is used for the forward beam with the remaining
4% used for the back beam which is directed through the reference cell.
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em ssion spectrum and water absorption effects have been |l argely renoved,
show cl ear and 30 obvi ous spectral changes w th changi ng anal yze -1 DEEOD
concentration. Figs. 4A and 4B show -respectively the single beam and dua
beam specPOLRRE3"he 4000-5000 cmi region of three sanpl eBCTAIS6WMG26h t he
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~maxi mum 16 - 1 DEC 2004 WD 01/92857 PCT/ US01/ 16204 spectral change with
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o anal y 2EPrin of s sPEHF e bd ettt eppers L@E@ZEM%@P“” B iy e bt ol
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spectra i @101'3*“&‘?1 exoutput filery are ref the light thap oved

prediffi Fﬁm{] M@E?n%g Te ét%
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SEP vs. nwmaﬁaceﬁre&msmnmhanlargw thidin Sheoekd Iare(aﬁ]lmnﬁhted@ylthe térkaval sutpey e used
in 15 the_best dual_ beam ca brati on nodel ereas aj .13 fact ors the single
beam cal |%Eﬁ“&5ﬂ %F"mﬂﬁ feference é&&m ptthe susface ofhal yt e
pr edi ct| ?tﬁ&tﬁ fﬂftnt days wer e assessed by using the first day's data
as a calibration se nd predicting the two subsequent days. The results for

the single beadrhe]arﬁi cdnﬂionh&&!ﬁthe@iﬁﬂ]ﬂm déc&b&cﬁhﬁrehdﬁ%hﬂﬂ&e&?pegt ively,
are summari zed in Figs. to B. In summary, c ared to single beam
FTI R 15t h&Sompanens é&ﬁw@ew Pﬁgeipmaxﬁﬁthwtn&m jgital (AL} gpnyerternal vt e
concentr [ ong
Form ( ovehebils i i iy Aot Ubp ol 20:1 6o 30Righ the Bl Bidm ol

scat t er i ndf seatepedligh $rons el tiskuresand themlférmaﬂmamtuongstarmahgm&haﬂmbem gl ucose
e il S Sy S B SR, 25 ) o
required to fill the A/D converter with the dual beam signal would be approximately 20 fold
20  higher than that of the single beam signal. A calibration is generated by measuring the null
spectra of subjects at random but known glucose levels in a analogous fashion with the
solution spectra calibration described infra.

It is evident from the above results and discussion that the subject invention provides
25 for an important breakthrough in the use of FTIR for detection of analytes. Specifically, the
subject methods and devices overcome prior problems encountered with FTIR determination
of glucose in tissue, such as problems with instrument drift, the requirement for use of ultra-
- high precision ADCs, etc. Importantly, the subject methods and devices are capable of
providing highly accurate non-invasive measurements of blood analytes, e.g. glucose. As
30  such, the subject invention represents a signiﬁcant contribution to the art.

All publications and patents cited in this specification are herein incorporated by
reference as if each individual publication or patent were specifically and individually
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node whereas the back or reference beam may be in transnission node. The
instrunmental configuration used to performsuch a neasurenent is diHQEQWde
ght

in Fig. 2. A éth calciumfluoride plate nay be used to separate the |

into for WPL'EM7 30 backward beans. Since nost of the IigtkTHFIISHY | ost in
the highly scattering tissue, 96% of the total throughput of the .

i nt er f er dmditated tebes aofporatedisy feforamed The ainativrt of dnpubkcibion istor itddselaqgef or
the back bgam which i dirﬁé%ﬁg t hrough the reference cell. 17 - | DEC 2004
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regul ate &E@ Ay f Of ke tissue being
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spectrumis strongly sensitive to tenperature. An attenuator may be used in
"either or both beans o _bal ance the energy at the detector. The forward beam

is fofussed 5 Althaugh theforeaemerinvestipn bag heen desaribed insanegrdataibley way ober optic
It
S

bundl e. | forward beam ont fgr. ex | e, the volar
‘forearm ﬁl&{;ﬁ%{&ﬂ []ﬁr%%&mﬁb% @’E %Jﬂﬁ)gfef‘?é) f?@gg’h?@a{.aﬁ%& gzﬁ/ $RAHELQ 1y put
fibers atthédeafoedihfgeiilfin tHeeart h&ighl_eoﬁhetdabﬁiﬁ%ﬂ of thidShiventibh it SdrfAE thanbes
scattered and partially absorbed light fromthe tissue to the detector.

| nter| eavdd mdgﬁqagonmajebe madegheieta wishoutideparting feans therspirit of ecapeof thidback

beam figgé%F%@iﬁﬂ girect the light that 10 has passed through the reference
cell als etector. The detector is chosen such that its surface
area ps sonmewhat l|larger than the total area illum nated by the interleaved
output fiber bundle. The sanple and reference beans are thus conbi ned
directly at the surface of the detector to forma null. The D.C. conponent
of the signal is then electronically renoved and the AC. 15 conponent is
electronically anmplified to nearly fill the analog to digital (AlID)
converter. The null ratio can easily approach approximately 20:1 even though
t he sanpl e beam consists of scattered light fromthe tissue and the

ref erence beam consists of light that has been transmtted substantially

wi t hout any scatter through a reference cell. The anplification required to
fill the AID converter with the dual beam signal would be approximately 20
fold 20 higher than that of the single beamsignal. A calibration is
generated by neasuring the null spectra of subjects at random but known

gl ucose levels in a anal ogous fashion with the solution spectra calibration
described Infra . 1t is evident fromthe above results and di scussion that

t he subj ect invention provides
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25 for an inportant breakthrough in the use of FTIR for detection of

anal ytes. Specifically, the subject nethods and devi ces overcone priéﬂ OEC 2004
probl enms encountered with FTIR determ nation of glucose in tissue, such as
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significant contribution to the art. Al publications and patents cited in

this specifigation are hereimnienﬁﬂrme%ﬁgxi@mcrcs@i&mm@x@fsfmiafna@eecma

i ndi vi dual publication or patent were specifically and individually 19 - 1

DEC 2004nin pOo PIADR SR iRETitLSAI M eiod compiiising:ed t o be incorporated by

reference. The citation of fanytpubl fcation is for its disclosure prior to
asinplecpflow twasnissyilyy

- the f%ling dprowidinga § & ¥ued as an admi ssion that the present

invention is.not entitled to ,antedate such [ | By Vit ues rior

| vent | on. 50 ¢ nBtghe 1 PG B Bl HETRR Bl sl afereRincB
detai | By a0 rerbhistration and exanple for purposes of clarity of
understanding, It is réadily apparent to those of ordinary skill in the art
in light of tde teachicigs will signa fron end sample lhad rdferctied beaotsames and

modi fications may be made thereto w.thout departing fromthe spirit_or scope
of the appefded dPHYINE thepresece of Stigenslitsan vl samBles PRSAKRED | S:
5 10 PCTr%Jﬁgﬂé%n%ﬂZM A method of determ ning the concentration of an anal yte

in alosd Ow transm ssivity, said nethod conprising: providing a

| | 1 SSI ViV . duci b fr. | f
ow tr angm soop PRI ol P G thaft AR SR ue kinaRIEnd
nul | si gbadewardbeaie srodiuded! frond Bffiesst lone Aiffdted Rilliitivn sdiide to produce said sample

and reference beams.
3. | The method -accmdi'ng to Claim 2, wherein said
15 further- forward and backward beams arg produced by passing- said radialion

throwugh an interferometer.

4. The method according to Claims- 2 or 3, wherein said forward and backward
beams are produced from a single infrared radiation-source.

20 | '
5. The method according to Claims 2 or 3, wherein said forward and backward
beams are produced from two infrared radiation sources.

6. The method according to Claim: 1 , wherein said null
55 signal is optically produced by combining said sample and reference beams prior (o

delecling said null signal at a single detector.

7. The method according to Claim 1 . wherein said null signal is
electronically produced following detection of said sample and reference beams at two
30 separate detectors. | |
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(c) deriving the presence of said analyte in said sanple of |ow
transmissivity from said null signal. 2. The nethod according to Ghalhi 2)0¢
wherein said nethod conprises using forward and backward beans produced
from at MEABYI28HE i nfrared radi ati on source to produce saPgTAEMAI6E04aNnd

ref erence beans. 3. The nethod according to Claim2, wherein said 15 further

forward gnd bagkywaikhdfasmin 10 ClhiadLoRkkréld siid msdtid codpifiseadi ation  through
an interferoneter. 4. The nmethod according to Clains. 2 or 3, wherein said

forward and békwapodusingrasforvard beamaad g baclovard beam yith andnteeferometer from
r adi ation-sg%ﬁ. 50 d'?..The net hod according to Clains 2 or 3, wherein said
forward &Mk ef RIS broduced fromtwo infrared radiation

~sources. 25 6 I)The B AK#H BahOnt6'saAld Thmple of WVe biahdhisSsiiy 2kl | si gnal
is optically Sboduce y conbining said sanpl e and reference beans prior to

sel ect i ndirectimgisaidratkwand dearhn into axefarenge andicsllecting 2 samupla beammandwrtferenssr di ng
to dai nﬁl wherein said null signal is electronically produced follow ng
. det ect i oPa5% T&3Y | e and reference beans at two 30 separate detectors.

20 - | DEC 2004 VORI SFRSL PEFPMH A Bearkl® fBANOA f@tclng Lo O ai m

1, wherein sal conprises: (a) producing a forward beam and a
backwar d bean{dy t h detecting sard milleddbesn withonsingle detectoe to olftaiaaatttectedindli on
source; (b) .directing said forward beaminto said sanple of |ow
transm s%lmi%“dand 5directing said backward beaminto a reference and

collgeting a npl eﬁﬁﬁ%tlﬁ:?} &n&@&%'ﬁﬁlﬁ@ﬁ@aﬁﬁﬁﬁ%ﬂlﬁﬁ%&ﬁiﬁv@ nbi ni ng
sai d?ds:arrpl e agﬂ re?eren e egm; to produce a nulled beam (d) detécting said
nul | ed bfram said detected mgjl siguhdt ect or to obtain a detected null

9.  The method according to Claim 1, wherein said method comprises:

(a)  producinga forward beam and a backw_ard beam from at least one infrared

15 radiation source; |

(b)  directing said forward beam through said sample of low transmissivity and
directing said backward beam through a reference to produce a sample beam and a reference
beam, respectively; - | - |

(c) introducing said sample and reference beams into an intecferometer and

20  producing a null signal from said sample and reference beams following their exit from said .

interferometer; and |

(d) denvmg the presence of said analyte msaJd sample of low transmissivity
from said nul signal. | |

25. 10.  The method according.to dcxi m 1 , wherein said sample of low
transmissivity is at least one of highly reflective and highly absorptive.

11.  The method a,ccordihg' f_o Claim 10, wherein said sample is a physiological sample.

30 12, The method accbrding to Claim 11, wherein said physiological sample is selected

from the group consisting of blood, ‘tissue or a derivative thereof.
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signal; and 10(e)deriving the presence of said analyte in said sanple of |ow
transm ssivity fromsaid detected null signal. 9. The nethod accormﬂiﬂﬁﬁﬂm4
Claim 1, wherein said nmethod conprises: (a) producing a forward beam and a
backwar d WeaHPTFbm at | east one infrared 15 radi ation sourraugt)icrisr ecti ng
said forward beam t hrough said sanple of low transmssivity and directing
sai d backvard iThemethodagbrding &f elgrced to produce awhéepl Qidesmemed a
reference beam respectively; (c) introducing said sanple and reference
beanms i nt ORI MASTer onet er and 20 producing a null signal fromsaid sanple
and reference beans following their exit fromsaid interferoneter, and (d)
deriving the presence of said analyte in said sanple of |low transm ssivity

from sai diaul | The eiesiod QoéogcgﬂgtoThmgeI hod accor di n,gw{,&eﬁllﬁdrgn&lgﬁgherei n
yr

said sanple of- low transmissivity is at |east one of hig ective and
hi ghl y5Sabgbicpsé.ve. 11. The nethod according to Caim 10, wherein said sanple
is a physiological sanple. 30 12. The nethod according to Claim1l1l, wherein
sai d physi ol ogical sanple is selected fromthe group consisting of blood,
"tissue or a derivative thereof 21 -1 DEC 2004 WD 01/92857 PCT/ US01/ 16244
13. The method according to claim1 , wherein said reference conprises
water. 14. The nethod according to claiml1l ., wherein said analyte is

gl ucose. 22
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