wo 2012/109116 A2 1)1} A1 000 R A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/109116 A2

16 August 2012 (16.08.2012) WIPO I PCT
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
A61B 5/00 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
. .. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(21) International Application Number: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
PCT/US2012/023900 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
4 February 2012 (04.02.2012) OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
- . SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (uniess otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
61/462,677 7 February 2011 (07.02.2011) Us GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
(71) Applicant (for all designated States except US): TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
QUANTUM CATCH, LLC [US/US]; 1860 Forest View, DK, FE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Prescott, AZ 86305 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
(72) Taventor; and él\\/{; "ﬁ{g, ﬁgPII\I%BI;,I\I B.Il: DCF]: (?)G, CI, CM, GA, GN, GQ,
(75) Inventor/Applicant (for US only): CORNSWEET, Tom, T T T ’
N. [US/US]; 1860 Forest View, Prescott, AZ 86305 (US).  Published:
(74) Agent: DICKINSON, Jon, M.; 8015 SE 31st Avenue, — Without international search report and to be republished
Portland, OR 97202 (US). upon receipt of that report (Rule 48.2(g))
(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,

(54) Title: NONINVASIVE EYE-PROPERTY MONITORING, INCLUDING AQUEOUS-HUMOR GLUCOSE MONITORING
AS AN INDICATION OF BLOOD GLUCOSE LEVEL

Fig. 1

40
COMPUTER

SF ' f[ f{
3o 547 S

(57) Abstract: An eye-property monitoring method includ-
ing the steps of (1 ) illuminating the eye from at least one
light source whose wavelength interacts with internal eye
properties in an optically active manner, (2) controlling, to
make known and stable, the operating-power/light-output
level of the source, (3) by such illuminating, producing light-
source eye reflections including (a) multiple internal reflec-
tions within the outer structure of the eye and (b) linked with
those internal reflections at least one resulting outbound re-
flection, (4) monitoring the outbound-reflection to detect
therein the reflection level associated with the at least one
source, and (5) associating such detected reflection level as
an indication of certain eye properties, such as aqueous gluc-
ose concentration.
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NONINVASIVE EYE-PROPERTY MORITORING, INCLUDING aQUEQUS-HUMOR
GLUCOSE MONITORING AS AN INDICATION OF BLOOD GLUCCOSE LEVEL

Cross Heference to Relaled Application

This apphioation claims fling-date priorty to currently pending LS. Provisional

Fatent Application Sernal No. 81402 877, filad February 7, 2011, for "Non-nvasha

Agjuss:mss Humor Glucose Moniior™, the entire disclosure content in which is hereby
curpuraled herein by refersnce

Rackground and Summary of the vverndion

The present nvantion perlaing 1o noninvasive eye-properly monitoring, and more
particulardy (o the noninasive monitoring of varous eve properiies through noting
how, i an observed ight reflection from the syve, cerlain charactaristivs of selectad,
confrolled, reflection-sourced Bght which is divecled toward the sye have beooms
affeciad in the procsss of the directed lght's engagement with the sye. Whils thers
are many usefl appdications for the practice of this invention, | have found that s
methodology offers particular, and notably high, uliity in relation 1o the monitoring of
agugous-humor glucose condent as an indicalion of blood glucoss level ~ an
nportant, medically-assodatad disgnostic fask, Consenquantly, while practice of the
vveniion nvolves the broader concept of using specially crsated and controlied sys-
directad, and resulting eye-reflected, ight in the practice of logking at various eye
properties, both for sssesging thess propertias as end resulls in and of themselves,
and additienally for using these delectsd properties as related ndicators of other
physical conditions, a preferred and bastinode manner of practicing the invenbon i
Hustrated and described herein specifically it the mentionad high-utiiity setting of
alucoze monidoring through axamining how the presence of glicose in the aquenus
humar {the agueous) sffects ceriain inferactions with cerlain characiers of light
Such effecting resulis from what v referred to harein as opboal aclivity, and an
fhustration of optical activity is a changs in qualities of Hght reflection from the eye.

Other, represeniative {non-exhaustive) eys "properties” associated with the
anueous humor, known 1o be of interest, and regarding which the wwention may be
amploved, include  wuric acid, ascorbate, laclic acid,  inorganic  phosphates,

bicarbonates, chilwides, and ures.
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Moving along now, and considerng the topio of gluoose, maintaining an
appropriate conceniration of glucose in the bload s oritical for reducing the likelthaod
of complications from digbetas meliitus.  Currently, blood glucose concentration s
usually measured by exiracting a drop of bivod gnd subledting i o a Jorm of
ghemical analysis,

I owould obviously be preferable o be able o measure bigod glucoss
concantration non-invasively,  Howsver, many constifusnts of blood and skin other
than glucose have so far prevenisd the successtyl devalopmant of an instrumant o
measure blood glucoss through the skin.

Thers 8 good evidence that the concentration of gluooase in the agueaus
humor of the sye varies with blood glucose concentration, with & gg of about ten
minutes, Further, the aguecus humor contfains far fewer confounding componsms
than does blood, and # fies behind transparent tissue, the comes, instead of being
shislded by skin, Therefore, allempling {0 msasure glucose concentration i the
aguenus, as | have found, has promise for providing a8 nondnvasive measurs of
binad glucoss level

When the glucose concenfration in the aqueous changss, the index of
refraction of the aquesus changes proportionaiely. Further, the amount of changs in
the index is different for diferent wavelengths of ight. When light is reflected from
an interface between two partially ransparent substancas, the proportion of ncident

Hght that is reflected depends upon the ratio of the ndices of refraction of the two
substances., Therefore, ¥ the glucose concentration in the agueous changes, the
ensidy of ight reflected from the intedace betwesn the back surface of the comea
sod the aquecus will changs, and the change will be different for different
wavelengths,

Regarding another usefd phenomenan, when light passes through the

agueaus humor, an amount of it is absorbed that depands upan the wavelength of
the light involved, and the amount of glucoss in the aguenus humaor,

As will be seen, the methodology of the presant invention, in the luslrative
glucoss-detection/monitoring  setling  described  bedow,  producss  information
contained in Bght-associated, optical-activib-affected, reflected light which furnighes

a measure of agqueocus glucoss concentration - which information may be based
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upon gither changes in index of refraction or of absorphion or both, With appropriale
cakbration, i makes no difference which, o whather both, of these two optical

phenomena contribute to this information.  Such calibration may be performed by
conducting & conventiona! blond glucose concentration toal, and than, sssentially at
the sams timg, implementing sys-reflsction-condition monltoning i accordancs with
tha invantion o compare data.

Acoording o ong way of expressing the wverdion, based upon considering the
invention in s broader aspects, whatl 18 proposad 8 an aye-property monitaning
methad ncluding (1) #Hluminating the eyve from al least ong light sowee whoss
wavelength ideracty with intemal eye propertiag in an optically active mannar, (&)
controfling,  make substantially known and stable, al 3 predelsmmined sstling, the
osperating powerfdight-output leval of the sourne, {3} by such iluminahng, produsing
fight-source eye reflactions including {8 multipls internal reflections within the outer
structure of the eye, and (b} al nast one resulling culbound reflection, {4) moniloring
the autboundrefisction to delect therein the reflection level associated with the at
loast one sowrce, and {5} assoniahing such delected reflaction levad as an indication
of cerlain eye propertiss.

According o ancther, and currently preferred and bestmode manner of
praciicing the invention, whatl 8 proposed s an eye-properly maonitoring method
ncluding (8) i a seyiatim manner, dhevdnating the ove {one or more mglon{s) on the
fimhug} from fwo or more, differentwavsiength light sources whose respective
wavisengths interact with intemal eye properlies in optically differantiated mannars,
{by adiusting the operating levels of the souwrces 1o a predetermined relative selting,
(o) by sush Hluminating, producing seriatim-light-sowrce eve reflactions inchuding
mufliple internal reflections within the outsy structurs of the eye, anid at least ane
resulting outhoundd reflection, {d} monitoring the outhound-reflection to detect therein
the relative reflection levels associsted with the sources, and () assodating such
detented, relative reflaction levels as an indication of cerlain eye propertiss.

According to still another, and alternative, preferrad and best-maode manmey af
practicing the invention, which expresses the invention in & more spacific sense,
proposed s a bivod glucose monitoring method nhuding {81 In an altemating

manner, Huminaling the eye {again, one or mora region{s) on the imbus) from two,
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differentwavelength light sources, one of which has a wavelength to which glu

"9

s mors optically active than 1 is {o the wavelengih of the other source, (b} adjusting
the operating levels of the two sowrces 10 a predeferminad relative salting, {©) by

sunh Hluminating, producing eye reflections including mulliple internal reflection

4

within the ouler struchive of the aye, and at least one resulling outbound mflection,
ansd {d} monitltring 5 selecisd condifion of the outbound reflechion as ar indication of
blood glucose lavel

Even more spacificaily, the methadology of the invention, as sxpresssd i all
threa of the ways stated above, is preferably compuiar-based, and includes both {‘E}
conputer controlling of the Huminating, confroliing and adjusting steps, and &
computer conducting of the monitoring step.  Huminating i performed by divecting
ght from the am@is}gesﬁ ight sources along a commaon (i the cass of two or morse
sources) Humination path which lies at an angle reiative 1o the eya's line of sight, and
the producing slep is acocomphshed o sflect eye reflections oogurdng within the
comnea of the eye, and even more particuiarly i conducied s as o affect aye
reflections, including mulliple reflections, from the optical interface existing between
the cornea {its inside, or back surface, or side) and the agusous humor of the sve

in thinking abhout this interface, # ig interesting, and uselul, 1o nole that the
inside swiace of the comes s completely coversd, it a healthy eys, with a very thin
ayver of what are called endothelial celis. These celis may well affect the amount of
Hght reflectad at each comsa-reflection “bounce”, and so, a resull, in terms of
guantum mechanios, of such behavior is that photons mesting the inner surface of
the comea at a shallow angle {in 3 manner producing what is known in the relevant
art a5 tote! intemal raflection) will tunnal® through the interfacs, and, i the properties
of the endothelial oelis arg "right” {in 2 senss known to those skilled in the ard), soms
of the associated lght will escaps the cormea (3 phenomenon known as "frustrated
total internal reflection™. Accardingly, I the thickness, or the index of miraction, or
bath, of the endotheliat oslls she&nges with glucoss concentration, that witl also affest
montoring measurement, and may do so perhaps beneficially, and maybe aven
strongly.  Appropriste implementation-systemn calibration will take into acoount this

potentially vary ussdul phenomenon.
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5
in the structursl environment adigoent thess endotholal coells, optical
retieciion physics may actually be guils mors complsx than stmple, in the sense that
‘nternalaye-structure” raflections produced by practios of the wvention might
include both (8) reflections from the oplical interface existing betwesn the comeasa
and the sndothedial oadls, and (b reflections betwaen the andothelial cells and the
aguacus.  H is also possible, in relation 10 monltoning glucose, that glucoss

concentratinon might affect the propertiss of the endothelial calls, for example i a

manner, such as by cell-layer thickening, affecting reflsction intensity. Al of these
considergtions, howeavar, complaxitios set aside from detaied analysis, will not affect
the viability of imvention practics with the earlier mentioned system calibration sleps

taker with respent to each axaminad parson,

As will become svident, the optical, and associaled computer-cantrod, system
which implements the meathodology of the nvention may be relatively simpis iy
construction, and can readily lond itself o sconomical and compast construction ~
features which those skilled iy the art will easily understand, Additionally, thase
skilled in the art will iimmediately recognize the possibiliies for numerous varations
i systamin and detailed methodologic practices that will lis well within the scops of
the invention's basic contributions fo the arl, as expressad very genarally above, and
thase matters tegtify tn the mportant flexibility and versatility of the yention.

For examplss, one can say, generglly, aboul syslemic and  practios
maciifications which may readily be implemeniad by a ussr sesking o practice the
mathodology of the prasent invention in 3 manner best suited to the application
chasen by that user, that they may include the following considerations.

White the methodology of the present invention & spesifically Hustrated and
desoribed herein principally in conjunction with the uze of two, different-wavalength
Nght sowrces, ong shoudd understand, and those skilled In the art will cisany
appreciate, (2} that a greater number than two such sources may be employed, (I}
ihat such sourpes may be designad o operate al wavelengths which differ from the
specifio wavelengihs that are identified in text below, () thal s possible to use only
a single wavelength, even with plural & i desired, and {d) that there may be
applications whersin sven only a single ight sourse, operating, of cowse, at bul a

single wavslength, may be wsed.  In all instances, #f v important that chosen
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wavaelengths, or 8 single chosen wavelengih it that & what 5 ¢ be employed,
rferact optically & "noticgable” manner {8s by sxperencing changing sve-
reflection chas'ac:‘{&%g'istéas} with the ssisctad propsrties @y the eye that are 1 be
moniored s¢ thal light-impingementi-produced  reflection which i received and
reviewad, In accordance with praclice of the pvenlion, wil possess “reflection
content” suitably indicative of the specific eye properties which are baing axaminad.
Those skillad in the relevant art will clearly appreciate thesse several malters.

With regard o the situation where plural Bght sources are amploved, and
more specifically where morg than o such sources are used, the interrslating
operations thereot, referred I as “seriatin” operations, may fake place i varnous,
usarsalscted palterns of energization.

Additionally, where plural ght sowrces are used, the fHow paths, or fines,
along which ncdent Humination coming respectively from thess sources need nut
axantly match ong another, and while incident #lumination should ahvays stiike a
region o the limbus of eve. the incident beams nead not necessarily strike exactly
the same region of the limbus.

Yat gnothgr consideration is that, while the prefersed and best-mods
implementation of the vention specifically imvohes eident iight being dirsctad al
an angle o the ine of sight of the aye, i is entirely possible o conswler Huminating
the eye, and spacifically a location on the imbus, along & hine of Hlumination which
may aven paralial the line of sighl Important hare ig that Hght impingement be at g
ragion on the imbus, and not more sye-centrally — a condition which might produce
unwantad and inferfering reflection{s} from the comes.

Stilt @ further consideration regarding what one skiiled in the art choosing o
mplement the methodology of the present invention might consider doing involves
suitably suppoding the oplical sloments that are pictured and desoribed herein on
spproprigte motordriven support structure, under the conlrol of the Hustrated
computer, for the purpose of automaling precise positioning betwean these aplival
slements and a person's ave.  There ame many ways in which this kind of an
arrangemant might be made, all well within the conventional shills of those gﬁm‘sraiiy
skilled in the relevant art, and aocordingly, this ares of "invention maodification” is nd

specifically Bustrated or further described harain,
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These and various other features, advartages and possible modifications that
charactetize the present wmvention wall become more fully apparent as the delaiied
dascription of | which follows below 18 read in conjunction with the acoompanying
drawings.

Desoriplions of the Drawings

Fig. 1 s a simpified, blockischemalic diagram llusirating, in relation o a
human aye, not anly a preferred and best-mode form of an optical systarm which &
operable 1o mplsment and praciice the methodology of the present wvention, but
alsn, as will be discussed ater herein, cerlain modiied forms of the invention,
wiuding 8 singledighteource madification  especting which cerdain gystem

components iustrated in the figure will effectively be treated as being absent.

Fig. 2 is an snlarged, fragmentary, cross-sactional view of the front portion of
the eve shown in Fig. 1, specifically llusirating & representative pathway of a bsam
of light incident on the front portion of eye, and of resulting Intemal and outbound
refiections which occur in accordance with praclice of the invention - the inlemnal

reflections taking place within the comes, and specifically including reflections from
the oplical interface which exists bebween the rear surface of the comea and the
aguecus humor

Various componerd sizes, and lightbeam angles, thal arg pictured in these
fwo drawing figures are not drawn, or presanted, 1o soaln

Defailad Degerption of the Invention

Tuning now o the drawings, indicated generally in a downwardiv-looking plan
vigw at 10 in Fig 1 is an inlegrated optical, compuder and electionic system
ponstructed to perform, b a preferred and best-mode manner, the eye-property
manitoring methodology of the present invention,  System 10 appears is ;35{:‘&;;*@@ i1
full operative assuciation with 3 human sye which is shown at 12, Fig. & diustrates,
i oa greatly enlarged, fragmaentary, and cross-sectional mamer, the front portion of
aye 13 which includes the weall-known ring-shaped ragion 14 {edges only of which
are shown) known as the imbus, a struclure that essentially surrounds the outwardly
comvexiy-shaped comea 18, The concavely-shaped inner, or back, surface of

cornsa 18, indicated at 18a, forms one side of an optical inlerface with the agusous
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hurnor shown at 18, A representative ins-obsight for sve 12 s shown by a dash-dot
fine 20 in both drawing figurss

included in system 10 are two light-emitling-dicds {LED) Bght sources 28, 34,

an appropriate {regarding light-source wavelangths), conventional optical beam

\-"\ e\

cominner 28, thres lenses, shown at 28, 30, 32, an slongate oplical fiber 34 having
rput and output ends 34a, 34b, respectively, two photodiodes, or photodetectors
38, 38, a sudably algorithmrically programmed digital computer 40, and a swresn
display 42, Approprigte control and data-flow connaction lines 44, 46, 48, 50, 8¢
cormact compider 40 to light sowee 22, Bght source 24, pholodiods 38, photodinds
28, and scraen display 42, respactivaly.

inferposed computar 40 and gach of control connsction ines 44, 48, bt not
specifically appesring i Fugl, are an appropnate, conventional, upsiream, sféng;gi&
digitaMo-analogue converter, and downstream from this converter, and ntsrmadia
the converter and the mentionsd, two control connaction iinss, & sontrolconnaction-
ina-sharsd LED switching and opsrating-current-lovel controller. The performances
of these two, conventional slectronic devices {the converler and the controflery which
e hetween the computer and sources 22, 24 will D explained shorly.

Raferring 1o the bvoe dala-flow comnsclion nsg which exisl, as shown,
batwaen the two pholodindes and compuler 40, interposed photodiades 36, 38 and
thelr respectively connacted and associated data-flow connection ines 48, 50, and
alzo not specifically dlustrated i Fig. 1, I8, in sach individual cass, 3 seres-
sonnected slectronic croultry arrangsment including an appropriate, conventionsat
signal amplifiar, and betwean this amplifier and the associated dala-flow connection
ine, a conventional analogus-fo-digifal converter. How thase alaments waik in the
oractice of the invention will also be explained shardly

From the description of the invenlion which follows below, #§ will become
apparent to ong of skilt in the art just how camputer 40 should be programmed o
perform s various funchions in the practice of the vention,

Light source 22 is a nsar infraved sourse operating at & wavelength of about
S50 -plus-cr-minus-about-3Gnanomsters, and light source 24 i @ green souwree

operating al 3 wavelength of about 540-plus-orminus-ghout-30-nanometers. In the

ayster, these two lght sources are specifically operated, e, snevgized, undsr the
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control of computer 40 through contral comnneactions 44, 48 respactively. They are
operated, ong immediately afier the other, preferably at a B0% duly ovele, and at a
sommon light-oulput power lavel e, al aqual power lsvels). The common powse
leved, established by computtar 40, for these sources 18 thal which is cansidered B be
appropriste for luminating, without harming, the limbus of the human ayve, and so as
fo be cerlain produce the pallern of useful intermal and culpul reflections whish has
boen rafarred to above, and which will shortly be desoribed in more detall below.
Those skilled i the art will naturally and readily choose an approprigle power leval
according o thelr wighes, and 1o thelr selected operating environment and
determined {ask, and accordingly, no speciic power lavel is set forth herein,

As a sude note at this point in the invention descnption, while, in system 18,
the bwo Hght 8o are operated at a comman power level, they could be apearated
at different, res,f;&ectiveiy constanthy mamiainad powsr leveals 30 38 {0 cregte not anly
thiz condition, but also the then associated condition of having a oonstant power-
lovel diffsrerdialion. On a relaled poind regarding the maller of light-sowree powar
fswal, In an application where, as sugpesied earlier harain, only a single light sourcs
is determingd lo be employed, this source would simply be operated at the
appropriste constard power level

i the embodiment of, and manner of practicing, the invention now being

discussed, the above-mentioned lightwowce wavsisngths have bDeen chosen

specifically to differertiate significantly the respective interactions {Jevels of “oplical

antivity, or interactivity”) which they e‘xgef&&anca with glucose, and specifically with the
stated near infrared source wavelength baing more optically achve with glucose than
the stated wavelangth of the grean soure.

Light sources 22, 34 are deploved in systers 10 arthagonally relative to ong
gnother, and effectively on opposite functional sides of praviously menticned,
conventional beam combingr 28 which funchons {o "combineg” the transmissions of

ght beams from the scurces o establish 3 condition of Incidence-light-ranamission
along & common ncidenca-lumination ing, or path, shown by & dash-dot line 8 in
the figures. The dirsction of Humination-light Incldence & indicatsd by a0 arow 56 ~

this Humination passing through lans 38 which focusss the inoident flumination at &
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10
spat lngation, or region, 148 adijacent the right side of imbus T4 s seen in Fig. 2 I
{he drawings.

The input end 34a in optical ibre 34 detects lHlumination from the two sources
downstream from lens 28, as indicated w Fig. 1, and fsads this delscted umination
iy the directon ndicated by an arrow 58, slong an oplical path shown by a dashedot
ing &0, through previoushy mentioned lens 30 which focuses fibredetecied
fHumination onio photodiade 38 Information drawn from dlumminaion thus received
hy photodiode 36 via the optlical fibre s supplied through the previously mantionad
{but nol Hustraled), assooated signal amplifier and analogue-do-digital converter
series circull, and therefrom through data-flow connection line 48 as an input for and
e computer 44

&g is lusirated in Fig. & neident lumination disposed along ling 54 and
which strikes Imbus region 148 adiacsnt the rght sids of Imbus 14w this figwrs
initiates a pattern of comea-based refiactions, indluding a sub-pattern of mulliple
internad reflactions, representad by & sigrag dashed line 82, and ullimately what is
referred 0 harin as a rosulling outbound reflection swiling the cornea adjacent s

oft side in the figure along a dashdot line 64 in the dirention indicated by an amroaw

(-\ o

88,
VWhile, as mentioned aarlier herein, cerlain varalions ae possible In relation
{0 the flow paths, of lines, along which inciden! and reflecisd #lumination ravels in

the practice of the presant imvention, in system 10, linex &4, 84, sach da at an angle
af 45° relgtive o ng 20 which represents the line of aight of aye 12, &g mentioned
2arlier, these angles are nod Hlusiraled with exaciness in the drawing figurss.

Reflection iight dizposed aleng reflection line 84, flowing in the direction of
arrow 88, passes through previously mentioned lens 32 which creates a reflaction
imags focused on photodiode 38, Information contained in this reflection dHumination
which 1 received by photodiode 38 is supplied through the previously mentionad
{bul not Hustrated), associalad signal amplifier and analoguesio-digital series ciroul,
and therefrom through data-fow comnmesction ine 50 o computar $0,

Considering now a typical operation of system 10, and the 3ssociated
implemantation of the mathodology of the present invention, with spacific reference,

for Hlusiration purpoass, (o glucoss-concardration menitanng, camputer 40 is nilially
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approprigtely programmed o handle all relevant computerconirol and  dats-
response and mondloring funclions 1o be asscoiated with practice of the invention
methodology. Tﬁmugh the ciroultry described above which connecis the compuier

Ay

ight sowrces 23, 24 via control connsclion lines 44, 48, respectively, and by
oparation of the computer, these light spurces are energized in a fashion whereby, in
the particuiar practice of the methodology of the mvention which will now be
dascribed, and as has been mentioned above as one preferrad manner of oparation,
he light-autput power lovels of these two light sowrces are essentially sgualized.

Beam combiner 26 combines the highl beams genersted by sourses 22, 24
thase beams being created in a 50% duty oyole, allernating fashion under the contral
of computer 40 - and feeds the combined light beams foward and through lens 28
atong common Humination-neidence Hire, or path, 54, On the “downstream” side of
ene 28, the npul end 34a of oplica! fiber 34, effeclively, coliscts portions of these
combined beams, and fesds collectad, combined-beam information to #s output end
3dbh which effectively sils at a focal point of leng 30, thus to oreate a miated :z:}h’iv
team flow along path, o ine, 80 through lens 30 o stitke, at #is other focal poin
photodiods 38, Information/date relevant o what thus impingss pholodicde 38 &
supplisd tvough dataflow connaction line 48, and the pravicusly mentioned,
associated olectronic oircultry, to camputer 40, which, utiizing this information as
feadback formation, opsarales appropriately 1o control the energizations of sources
22, 20 or 1o achisve the power-cuipul squalizalions just mentioned abiove.

Recalling that ight source 22 18 8 negr infrared source, and that source 24 18
greaen sowrce, B will be apparent thal what resulls from energizing of these two

sourees s a combinational, alternating, redigresn beam which flows along off-iine-of

sight-axis-20 Iine &4, discled foward a focussd spol which, with the system
components properly positioned relative 1o @ person's eye, such as sye 12, coincides

with 3 fundus region, such as region 14s in fundus 14 of gye T

The focused, combinational beam, when & strikes a fundus region ke
regionids, produces a pattern of reflections, such as the paltern shown in Fag. 2,
innluding plural, eve-internal reflections like those represented by zigzag line 62, and
a final, resuiting outhound reflection, such as that shown by lne 84, Because of the

fact that the two, differsnt, lightsource wavsisngths interact so differently with the
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gye property of aquecsus glucoss conceniration, the outbound reflen it ba
nargolerized by reflection-ntensity-level differences in the two componsnds {infrared

and green) of the out bound reflecton beam flowing toward lens 32 along line 84,

Lens 32 focuses the outbound-reflection, combinagtional bsam  ono
photodiods 38, data froen which s than supphied by dala-flow connection ine 50, and
the previously described electronio cirouitry which is associated with that ling, as
another input for and to computer 48, Through appropriate calbration information
developed and furnished 1o compuisr 40 respectively for differant persong whosse
sye properfies ars to be examined and monidored, information acgquired via &
calibration-procedurg which will be descoribed shorlly, compuler 40, wlilizing s
approptiate algorithmic programming  {mentionad sarkeny will, I relation o the
praciice dustration now being presentad, generate an ouldput indication of blood-
ghicoss concentration. Thiz blocd-giucose output information may be furnished o 3
usar i1 8 number of different well-known ways, induding by presenting informatic
ot sereen display 42

Turning altention now o the issues of systern alignment with respeact o a
garson's ave, and to systern calibration in a person-specfic manner, §1s, of course,
important that system 10 be dispused relative {0 2 person's eye o have 3 comsdt
deployment disposition, such as that represented schemalically in Fig. 1. As has
basn mentioned  eartier heram, relative postioning  established  betwesn the
componsents of system 10 and 2 parson's eve may be accomphshed undsy computer
cortrol whereby compuler 40 drives approapriale motors which multi-axdally adjusts
the positions of system components, which componsnts may be supported, i any
appropriate cornentional manner, on 8 common framework,  System adiustments
during cabbration will, of course, take place under ciroumstances where an eye to be
axaminedimonitored & ullimately properly i place, in the sense that a person &
ufimately appropriately seatest and siabilized. Howsver, af least initially, a parson
regarding whor calibration is to be performed, is placed in a near-correct position
relative to the system slements. System adiustment then takes place, for sxample,
by the prezentalion on sorean dispiay 42 of a spot of light respecting which the

“axmrined” parson is asked o focus his or her fo-ba-lnoked-at eve focused on that
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aht spot. System posifional adjustments are then made sfisclively to manimize
outbound aye-reflsction readings detectad by photodiods 38

ft should be understood that, beyond the establishment of persan-spenific
system calibration{s), sach time thal eve monitoring is o lake place for an “sys
calibrated” person, system positional adjustment must be performed for that persen,

While oplional computerdriven autormated posiions! adjustmant has bsen
menliened, adjustiment may also be entirely manual in nalure  desired,

Concerning oalibration, because the relevant physical properties of eyves may
ditfer among parsons, the systerm must be caliraled I a specilic procedurs
performed for each person for whom monitoring is 1o 1ake place. Such 8 provedurs
praferably invobmeg, for sach parson {0 be “sxamined”, the making of a conventionst
iaboratory measurament o oMain @ radiional blond ghlucoss measurement value
aevaral tmes durdng 8 day, accompgnied, In 8 manner which 8 a8 oloss o
simultanetly as possible, by the performance of 8 reading-acquiring monitonng
provess using system 10, with the associated person, of course, positioned propsily
relstive to the system- 10 components. By this process, one can delenmine, and "85,
a curve which describes the reigtionship between system readings and, in the
Hlustration now being given, bioaduglucoss concantration.

Thiz curve i then entered infe compuler 40, and once entersd, furnishes an
approptiate, person-spacific calibration for determining noninvasive blood glucoss
concantration for that parson based uporn system 10 readings. To be noled is the
important fact that such person-spacific calibralion neads {0 be repeated af regular
ntarvals, such as, for example, every six months. (Such a re-calibration freguancy
will fypically be determined during dlinioal rials)

Onee calibratic completed, and when it iz “up-to-date” regarding 3 spacific
persan, noninvasive, ave-property monitoring for that person is implemanted simply
as desoribad above, with the person properly positionad for system perdormancs.

Az was mentioned earlier herein, one modified form of the invention
methodology s one wherein a sysiem constructed o implemeant § employs only &
single light scurce, such as lght source 22, Accordingly, looking now at Fig. 1 with
this modification in mind, one should ignore the presences of ght sourss 24 and ¢t

bearn combiner 26 which would not be smployed in such a maodification. Light

=
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source 22 would, of course, be emploved, and in the context of montoring glucose
concentration, would be, 83 # v currently desoribed, a near infrarad souroe,

in this modified form of the invention, the light boam which is directed fram
source &2, slong ling 54, through lens 28 o Hmbus region ida, s 3 singls
wavalength beam, the sowree 22 for which could be aperated by computer 40 sither
continuousty o intermittantly, as desired.

The effective fesdback path sariier described with respect o obtaining light-
flow ntensily dormation on the downstream side of lens 28 by input end 34a in
optival fiber 34 will continue {0 play a role in tarms of furnishing computer 40 with
irformation allowing this computer o control the operating Sght-oulput power level of
singuisr soures 28

From this desonplion of the justoutiined, single-scurce, modified form of the
invention, and from a reading of the operational deswiption given abovs regarding
gysiem 10 in & condition possessing fwo oF more Hight sources, and the manner i
which pulputrefiection information may be interpratad by computar 40 o prasent
data reflecting glucose concentration, those skilled i the art will readily understand
haw o implement such a single-scurce form of the snvention,

Accordingly, while praferred and bestmode manners of practioing the
mvention have been dlustrated and desoribad hermminabove, and a numbsr of
vartations and modifications specifically mentionad, | appreciate that other variations
and modifications will coms o the minds of those skilled By the relevant arl, and may
b mads i manners which will e within the spirit and scope of the Invention, and #
& my intention that all such other variations and modifications will be understond o

b smbraced by the following olaims to invention,
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F CLARY

1. An eve-properly montoning method comprismng

i @ serialim manner, luminating the eye froam wo or more, diferent-
wavelangth light sowrces whoss respective wavelengths inleract with infernal sye
prapartiag in optically diferentiated mannerns,

adiusting the opergting levals of the sowces 1o a predelermined relalive
setling

by said Hluminating, producing serstim-ight-source sve reflections including
mitiple ntemnal reflections within the ouler structie of the eve, and &! least one

sulting cutbound reflectio

maonitaring the cuthound-refiection o detect therein the relative reflection

levals agsociatad with the souwrces, and
gesociating such detected, redative redinction levels as an indicaton of ceiain

gye proparties.

5]

Tha method of caim 1 which & computsr-bassd, and which further
comprises {a) computer controling of the #luminating and adiusting steps, and ()
computer conducting of the maonitoring slep.

& The method of claim 1, whersin said Hluminaling 18 pevformad by
directing lght from the sowces along & common dhumination path which Hes at an
argle relative 1o the aye’s line of sight

4. The method of claim 1, wherein said producing s accomplished
affect ey refloctions occurring within the comea of the aye
5. The method of claim 1, wharein said producing s conducted 3o as o
affact ayve reflections including reflections from the optinal interface sxisting betwaen

the cormnes and the agquanus humor of the ays,
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3. A& blood glucoss monioring method compising

i an altermnating manner, fluminating the eya from two, differentwavslength
fight sowrces, one of which has a wavelangth 1o which ghucose s more optically
active than 118 o the wavelength of the other source,

adiusting the operagting levals of the two sourses 1 a predatermined relative
zatting,

Dy sald dluminaling, producing eve reflections inchuling mullipls  ntsrnad
reflections within the outer structire of the gve, and al least one resulling cuthound
reflaction, and

manitoring a selecisd condifion of the outhound reflection as an indication of
binod glucoss loavel

7. The methed of olaim & which is compulerbased, and which further
comprises {a} computer controlling of the Hluminating and adjusting sieps, andi{b}
compiuitsr conducting of the monitoring step.

8 The method of clanm 8, whersin said Hluminating is psriormad by
dirscting bght from the two sowrces along a common dlsnination path which ligs at
an angle relathve o the eye's ling of sight

8. The method of claim §, wherein the two light sources are light-aamitling
dindes, and the two wavelengths arg prefergbly sboul 850- and about 540-
nanometars,

190, The mathod of claim 8§, whersin said allemnaling-manner fluminaling 18
parformed praferably with a S0% duly ove

1. The mathod of clam & whoreln sawd allernaling is performed &t 3
Tragueney of about 40-he

12, The method of clzim 8§, wherain sald adjusting is performed 16 esiablish
a constant, Hight-output-leve! relationship between the two sowrces.

13, The method of olaim 8, wherein said producing 1 acoomplished o
affect aye reflections nocurring within the cornea of the eys

4. The method of claim §, wherain said producing is condusied so as o
sffect sye reflections including reflections from the optical interfacs axisting between

the comea and the agueous humor of the eye.
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18 An eye-property monitoring method comprising

3

Hurninating the eye from at least one light sowrce whose wavelength interasts

with temnal eye properties in an optically active manner,

sonttoling, I make substantially known and stable, &t 8 predetermined
seting, the operating-powerflight-output leveal of the suurce,

by said #luminating, producing lghtsource eve reflections including (&)
muttiple intemal reflections within the owter struclure of the eve, and {b) at least ana
resuliing cuthound reflaction,

monitonng  the ouboundyeflsction i detest therein the reflection lovel
associzied with the af last one souros, and

assoniating such delected reflection level ax an ndication of cerlain eys

upropertias.
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