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BACKGROUND

It is always desirable to detect diseases early in their progress. Early detection enables
early treatment which has generally been proven to yield a higher success rate in treating
15  various diseases. Recently, it has been discovered that analyzing peoples’ eyes, and in
particular the lenses of the eyes, can yield indications of various types of diseases. For
example, measurements taken of light scattering within the eye has been shown to provide
useful diagnostic information 10 detect and monitor the progress of diseases such as Alzheimer
Disease [AD). This disease in particular has recently been shown to cause changes in the
20 supra-nuclear region of the lens of the eye. Since this region is only a fraction of a millimeter
thick, measurements of this region, to be useful, need to be very accurate in the information for
the position of the measurement. This is especially true because the human eye is in almost
constant motion even when a patient is fixating on an illuminated target.
It has been shown that the presence of or an increase in the amount of aggregate in the
25  supranuclear and/or cortical lens regions of a test mammal’s eye compared to a normal control
value indicates that the test mammal is suffering from, or is at risk of, developing a
neurodegenerative disease such as an amyloidogenic disorder. Amyloidogenic disorders
include AD, Familial AD, Sporadic AD, Creutzfeld-Jakob disease, variant Creutzfeld-Jakob
discase, spongiform encephalopathies, Prion diseases (including scrapie, bovine spongiform
1



It has been shown that the presence of or an increase in the anount
of aggregate in the 25 supranucl ear and/or cortical |lens regions of a
test mammal 's eye conpared to a nornmal control val ue indicates that
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light scattering and fluorescent ligand scanning on a subject’s eye. The system may include a
20  light source configured to transmit light toward the subject’s eye, a lens configured to focus
light sent from the source and scattered by the subject’s eye, a measurement reflector disposed
to receive at least a portion of the focused light and configured to reflect a first portion of the
received light, a camera configured and disposed to receive the first portion of the received
light and configured to provide indicia of an image corresponding to the first portion of the
25  received light, and a processor coupled to the camera and configured to analyze intensities of
light in the image to determine a location of a reference point corresponding to an interface of a
portion of the eye.
The reference point may correspond to: an interface of a lens capsule of the eye; an
interface between the lens capsule and an anterior chamber of the eye; one of a posterior lens
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received light, a canera configured and di sposed to receive the first
portion of the received Iight and configured to provide indicia of an
i mage corresponding to the first portion of the 25received light, and
a processor coupled to the camera and configured to anal yze
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e A processor configured to actuate the measurement reflector such that the second
15 portion of the received light corresponds to light scattered from a selected portion of the
eye relative to the reference point.
e A processor coupled to the correlator and configured to analyze indicia of the second
portion of the received light.
e A processor configured to provide an indication of the presence of material associated
20 with a medical condition of the subject based on the indicia of the second portion of the
received light and a location in the eye from which the second portion of the received
light was scattered.
Further, implementations of the invention may include one or more of the following
features:
25 ¢ A processor configured to analyze light intensities in the image to determine locations
of regions in the eye relative to the reference point.
» A processor configured to associate the light intensities in the image with regions from

which the light associated with the light intensities was scattered.



A processor configured to provide an indication of the presence of
material associated 20with a nedical condition of the subject based
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20  determined to correspond to the lens capsule. The analyzing may include determining the
reference point as a point corresponding to one of an interface between the lens capsule and an
anterior chamber of the eye, a posterior lens capsule interface, an air-cornea interface, a comea-
aqueous interface, and an interface of a retina of the eye. The analyzing may further include
determining locations of a cortex, a supra-nucleus, and/or a nucleus of the eye.

25 Method aspects of the invention may further include analyzing intensity of light
scattered from a selected portion of the eye relative to the reference point to determine a
physical property of material at the selected portion, and providing an indication of the physical
property of the material at the selected portion. The step of providing the indication may

include providing an indication of presence of aggregates in a supra-nucleus of the eye.
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20 determned to correspond to the | ens capsule. The anal yzi ng may
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i magi ng @kubject’s eye the system includes a light source configured to transmit light by stimulated

cmission of radiation, an optical scanning device configured to produce a vertical fan beam of

light from the light source and linearly sweep the vertical fan beam from side to side, a first
25  lens configured to focus light sent from the optical scanning device to create an virtual image

plane that is coplanar with a subject’s line of sight and is a vertical cross-sectional plane

through a portion of the subject’s eye, a second lens configured to focus light sent from the

optical scanning device and scattered by the subject’s eye to create a sharp focus plane which

coincides with the virtual image plane of the subject’s eye, a first measurement reflector
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a subject's eye the systemincludes a |ight source configured to
transmt light by stinulated em ssion of radiation, an opti cal
scanni ng device configured to produce a vertical fan beam of |ight
fromthe light source and linearly sweep the vertical fan beam from
side to side, a first 25lens configured to focus light sent fromthe
optical scanning device to create an virtual image plane that is
coplanar with a subject's line of sight and is a vertical
cross-sectional plane through a portion of the subject's eye, a
second lens configured to focus |ight sent fromthe optical scanning
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entering the subject's eye Is collected and anal yzed.
analyzed.

Further, implementations of the invention may include one or more of the following
features. The measurement reflector includes a mirror configured to reflect the first portion of
20  the received light, the mirror defining an opening configured to allow a second portion of the
received light to pass unreflected by the mirror, the system further comprising a correlator
coupled to the reflector fo receive the second portion of the received light and to correlate
measured scattered light intensity over time. The processor is configured to actuate the
measurement reflector such that the second portion of the received light corresponds to light
25  scattered from a selected portion of the eye relative to the reference point, and wherein the
processor is coupled to the correlator and configured to analyze indicia of the second portion of
the received light. The processor is configured to provide an indication of the presence of
material associated with a medical condition of the subject based on the indicia of the second
portion of the received light and a location in the eye from which the second portion of the
6



Further, inplenentations of the invention may include one or nore of
the follow ng features. The neasurenent reflector includes a mrror
configured to reflect the first portion of 20 the received light, the
mrror defining an opening configured to allow a second portion of
the received light to pass unreflected by the mrror, the system
further conprising a correlator coupled to the reflector to receive
the second portion of the received |light and to correl ate neasured
scattered light intensity over time. The processor is configured to
actuate the neasurenent reflector such that the second portion of the
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di splay screen for operator review, To that_end, the data associ ated
wi t h ¥he néfdl.lacgq test peldngscirpgt @'ﬂq cross-seclional views of the eye, average intensity values of

quasi-elastic light scattering and/or fluorescent ligand scanning, graphical depictions of

autocorrelation functions for quasi-elastic light scattering and/or fluorescent ligand scanning,

and curve fit parameters based on an exponential fit to the autocorrelation data. The data may

be used to detect the presence of a material or object of interest, including without limitation, B-
20  amyloid protein and/or track the progress of disease.

In some embodiments, the data collected by the system may include the average
intensity of scattered light associated with quasi-elastic light scattering performed and/or the
average fluorescence intensity associated with fluorescent ligand scanning performed.
Implementations of the invention may collect data from locations in the nucleus and/or

25  supranucleus regions of the lens of the eye to determine a ratio between the average
fluorescence intensity associated with fluorescent ligand scanning of the nucleus region of the
lens of the eye and the average fluorescence intensity of fluorescent ligand scanning of the
supranucleus region of the lens of the eye. A similar ratio may be determined for quasi-elastic
light scattering of the nucleus and supranucleus regions of the lens of the eye. The ratios may
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scattering and/or fluorescent |igand scanning may be reported on the
sanme di splay screen and/or collected in cycles of no nore than 60
nsec. I n sone enbodi nents, the processor nmay execute up to ten
consecutive cycles. Mirreover, the data displayed on the display
screen may 15include test settings, front and cross-sectional views
of the eye, average intensity values of quasi-elastic |ight
scattering and/or fluorescent |igand scanni ng, graphical depictions
of autocorrelation functions for quasi-elastic |ight scattering

and/ or fluorescent |igand scanning, and curve fit paraneters based on
an ex pon%@&ﬁ% td fhk staR &%@5&9& afere% %Eélﬂﬂat%tnﬁrreal-@ﬁl Aalia initel 8n HRRese
to detect the presence of a material ect of interest, including
wi t hout [ thietemopgof alreier@b@rwfqr@bmbnéheeﬁyn ori¢ embediments max alse ingpmerate
of disea

cyst em maPseaures o Ry B TRl bR el (b BB R ishehe curve,
associ at ) wile-kt, ghersil ixthagydrege] mtghmtyslcattheetiqcngtirpewn;tamdérinjt/im. t he
average fl uor n le |l :
scanning pert Soamara e ARlcbd o PR ARA Find) hlude L BLARE RRlen BBy e,
from | ocaltdionge iomllbWemrmpcfawum weied! mgloﬁseﬁmc ayeufal zmalswzmggéso’vdl agfa prdvess

| ens of th et erm a ti o between. a uorescence
it enet t 5oRuGtR & Radpaler Bl Bn SRR LR oy RUSRERRCLs
regi on Ofeniidsdns foa flubresdeat hgfadamﬂmingeo aateut agetdialarabjeeoiCeterast locudd iy

of fluorescen ] scan he su nucleus re of .the | ens
OF 1 heoesaSld epnfiraitng &R T it Ririsl SRR R s TP R R af 85ps ohe
scat tuf,'[1 i REbedimehite, tht!Slepass iRaihits uﬁﬂ&@mﬂeﬁd&ghlegﬂmﬂﬂu@feschﬁle:rﬁlﬁi‘cﬁis(ﬁfonizhe
eye. The ratio

may,,7 correlate_to the ate of, a dis n th
e euermeiennaernuciStd £k O b1 Br e Sl nd) bfeiaherd g Pt e
anount  ofv@agiBht@hdilof seuEteRA lighy &G‘Iuote@cehhﬁm@éiﬁls foai e aidlod ragaﬁ 8f th@Jens:
al so |ncor§ orate a neasurenment qual |I%§$etr|c calcula te

mul ti pl yPhECEReEEY Patqraareddgdhaneprags niasingolisRatedr gt o LtOfgchefqr&l!e

where | 'sx%:r&:hﬁleﬁé’ RERHDF HAERITTNE vk td Srolile a E6iecdMtiohi fARoBNSaRifingdind t
is tine. ddi ti onal %ften1as ects of the invention may include a

di s p|1éy pesersn of pmatsrigharpieapfinereptingie e bspok cmiodpeniss B progessor may
sel ect éth@fﬂu&r%&eﬁ&/@in{e%lt%)ﬁégr% of dife Ak Ibl=:fo?t§1nf’ifo@‘.l’c@lﬁﬁ §f5an imaging

conflgure to analyze scattered |ight from quasi-elastic |ight
scatt eri agenaaril after fnltr@é!d@@e@ﬁtm emﬁgsm ageRy tg ﬂ@mmqﬁbe gfeeanee betyasithe two

scanni ng;t.q det eft ﬂae %ﬁfbﬁﬁlhﬁehgrhee Prat RicESEr rﬁ; 8Lt dla?(b"i“ﬂﬁgrebdgnce of the

sel ected regions of the eye erial Jor o ject of iInterest may
be ft - amgyobaforeimroduring 110 wndgind agemitinto therrye an@eagcd datg efrfbiorspeante pfibe eye

scatLgr e%ﬂ!:xj 19@3du§lﬂg l%rlmaglﬂg a&&& Gt thglm:oﬁﬁﬂa%]ﬁe H‘s? J4t& and the second data. The

comparison may include, for example, subtracting the first data from the second data to
determine a difference in measured fluorescence. Furthermore, the processor may display data
from quasi-elastic light scattering and/or fluorescent ligand scanning on the display screen for
operator review. The data may include any information on the quasi-elastic light scattering

25  and/or fluorescent ligand scanning performed.

Another aspect of the invention provides a method of performing at least one of quasi-
elastic light scattering and fluorescent ligand scanning to a subject’s eye. The method may
include selecting a location in the eye for collecting data, performing at least one of quasi-
elastic light sc-attering and fluorescent ligand scanning on the selected location, collecting data
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supranucl eus and/ or nucl eus region of the Iens of the eye nay be

anal yzed. Mreover, the average intensity of scattered |ight or
fluorescent em ssions fromthe nucleus region of the |l ens. of the eye
may be conpared to the average intensity of scattered |ight or
fluorescence for the supranucl eus region of the lens of the eye to
provide a correlation factor for evaluating the 15presence of a
material or object of interest in the eye. In sone enbodi nents, the
processor may neasure the fluorescence intensity froma region of the
eye before introduction of an imagi ng agent and after introduction of

an i magi M@nAUe fhasl-SadRlRhMNcAterinbandiof fif-8RERA 1BRIRAhitd ¥hdlpi&enting the
intensities. In sone enbodi nents, the processor may neasure first

data of fr@oTheddnmey Be displayashen agtispiaescrasn prHlerairmisdont | Mt rdage dpta
nto_t e o6ireicRthySRAANING Al cPacRlin AN LPHIERE Sner {oiErcd YighAlscRlck e with

i ntroducing the I'magi ng agent” and en conpare the firSt data and the
second dauasi-clpstie ltgbhmwrgxgmcrfaynqdm@ﬂ@ﬁ@agef ressenp ingsnsidy ossosiete gtht he
[ Lt sOalfolelth 4o SE6AAL pfhch OTHERRLARL B Ll S0 ColheciRiar o0
fl uoreéscence urt her nore; e processor rom

quasi - el &safignslin ghtsumcteas amiforardlens regiou@f ésd@mtof thegaﬂdlds@ahq befyeon

t he dlsp

i nf or mat I on vércéé? ﬁlpengl?j of%geﬁ{egesdtq{g(}:l{ Equ.%\é %u-(‘:['[a]::t% %% % lkrgcof'ﬁg: ygng the

f | uor escemndragei 1gtamitysxf acurtered lipktr froaom ﬁ'ectupthcﬂws regmexfthedf:nstdfehq er,waraylb@n
provi des net hod, of . rforn1 asi

et ter: ABemACT S PuBEL IS dBunBRRiug AoeLhiBiet L8R orir

met had may i nMetided asekrof ihednantiacaby Gmthenintlnds lmyfenﬁmg flnotes@at figagd

dat f | t f, tt d
ior e srooe BB R i S bt b Ol GEEER PR o
8 from bbRri@sduckizasinegihd githt meatht eyd, iGrodiikgthe fdmgmge@emmoltneg@red

scanni ng and presen e dat a. e dat be di,s

di spl ay g&@%ﬁgaw%ﬂatgp b iutionie of 96 ¥ eraited G AP A £ PR e
may i ncl egeaddhBnmpi@igde ﬁtsnaaawlthyh@a‘ec@td da@agh s@RCerodsheit, Bicefitst daghind
associated with quasi-elastic light scatterjng B’erformed and averag%e

fl uorlésc&frc%cqnﬁtdéﬁgwyn%lg%f‘dé? a‘feé%se\ﬂupwswmmeégl m (heGAR A LAFRIP G

per f or Medi:st 1hg a7y B 388nk BitS ﬂ?ﬂ&tl%llﬂﬁtsﬁbt%}{né)ﬁe Gedt e o the S¥bhOEAd.i MNS
in the supranucl eus and/or nucl eus region of the | ens of the eﬁe and

a ratio BemeeBbrdimenty g mersuicmertrfithsseemddatipay edalengRmare gip LA gours
nucl eus ¢ ﬁgﬁ mﬂo gmglaffe ibBPRg Qberk o BXQyAMThd HahQVREPHIS wéasm Bf’dé?efctmg
scattereg t m t he supranucleus region of the lens of the eye
my be d@zeaqrwmdaf Bamiletil peatein it the cymandins alleyiag thermserreds oha disegse & be o
fl uorgsc ONEL. ts of the invention may
furt%gr ﬁﬁ@?hgg%g%? gﬁ$ﬁ§Q¥Péores§§ﬁ? i gand scanni ng by
i1l umnating &kse, sphjresntationsgfghe imperdioninery ifdlydetond gt mowfofﬁhmﬁ;}i@\s@gnce
of the e
nt T oduct B Ehe e sl S A0, | SRR AR L Mg B0 eceive e
f | uor esceeoad pd’)rtlbﬂnef thy ecceifvedlighit atd cuhfiginred te mevmmlqn@of@em@ga nto the
g)rlr‘goglngre ﬁ?rg?% rﬁin rggr to F'I%et se&oal}%t 0 at 4 f\%et r@cctn.b 4 llsgﬁtc Oﬁle sys%ﬁfi1 furJ(h r 12M8es a

25  dichroic beam splitter conﬁgured a.nd disposed to reflect at least a portion of the focused light

to the second measurement reflector and transmit at least a portion of the focused light to the

first measurement reflector, The processor is configured to analyze light intensities in the

image to determine locations of regions in the eye relative to the reference point. The

processor is configured to associate the light intensities in the image with regions from which
9



15 the second data may include the average fluorescence intensity
fromthe eye and conparing the first data and the second data may

i nclude subtracting the first data fromthe second data. In sone
enbodi ments, the neasurenent of the second data may be taken no nore
than 24 hours after introducing the inmaging agent into the eye. The
met hod may al so be capable of detecting the presence of P-anyloid
protein in the eye and/or allow ng the progress of a disease to be 20
tracked by nmeasuring | evels of fluorescence in the eye. Al so,

i npl enentations of the invention may include one or nore of the

fol | owi nghef1gsht skks@SatedWRh B¥%HoRMhicHsititbovasisbaiertde Tha peeeenids CaTRA to
configured and di sposed to receive the second portion of the received

li ght andCEBHAT [PGRtEMS PH2 PIPFRRICISARYSIels. 3rd & Rorfered dhecypr ERpyRMRythes
the secofgnes Hl@ﬂa?éou@ﬂh@ th ﬁﬁ%&d(:%gsol' Wwhktin tﬂéﬁo&:\éﬁ moﬁﬂéﬁr@@fo dali&d tHeles

a 25di chroic beam s ter configured and disposed to reflect at
| east a B&Ctiﬁséﬂoéfsp apan elipsesiadhg imgge. The nreeessos sgrnfigired ioradiusha size and

refl egt on,aich étftﬁé‘éﬂeﬁ!f»sE rélBtlJeEfé‘ﬁ-Ie u%aélao e QPocRlsof ﬁ%oﬁﬁ)g%%?ﬁg ahd1gY glthP t he

first neasurenent | ector. processor Is configured to” ana
| i ght i nindensities sthg pnagikado ﬂmgnnq a)loelétoepﬁﬁmwswé&memmi tofsize end mﬂjlqnﬁhe

the eye Lg {p?é%x?é?thlk%%]ﬁ?hé xﬁia DA § T is cﬁﬁﬁgﬂé@t‘&%ﬁﬁg{ thk SizE OA é m[as?eqn

to associa |nte ities in the'l regi ons
whi ch th@pwmghimawédmnau%n0&mthwmmm I|ght intensities was scattered

The pr 0CEsSor. %ngrglgFﬂe%%ﬁ%g%shg%fjtg%ﬁ{vgﬁ%ﬁ r(?ﬁc?ets 'a%@sﬁerﬁ& r%erfo?%ilﬁg Puore cent

supr a- nucleus € 'sys urt
i ncl udes hgardmsepina;g apcugebect’s e:yet 1 m@e&sludesMghEsmrdehenﬁgmcrb@Smnsm&

configured to ¢ processor. to dis |l a se
Tre proc SOuPRE HRSHbEE o8 B30kt Becu B AhnPrb R difborp e
el l'i pse tlightatat\font hetshacd umgeltha' kmb]an Oe@ss produse acfmmisuag upscedf t@tamaﬂagng::

light intensities in the,i,ma oca

Lhe"eye HRE b eRol it £ ettt BER SEatarel heor fbu B pdid S
i mage. Tbehgm@msxsmrthaf: ﬁrscmiﬁroﬂdﬁsadbjécﬁxﬁaﬂhkmh tHehﬁox&blé&irﬂflerfshﬁtlﬁi thepse

in responsetompt ro a user t he ner a

Lot 137 CSdietS oy hdens GoRRRGHS Sreys gt Seny HEDL B bauirt e e ey dhe

f 1 uor escemject9leid a?ﬁotsmnmh&%m@uﬁmjden@&toﬁcoaﬁgm&’ het (ﬁb‘;ﬁis@;molré&iﬂédes

a light source con ured to transmt ht toward &he .Subject's ﬁ%e
a first ﬁf%f’%‘é‘%ﬂ@%b‘]“é‘é’?‘? bt epheangigried SPRVidF E9i54a:0f AndmPYCIRTFRY

sent fr o kB @rs PoHieE of A¥RLcEivED Rl L&uacptm%ssev&mmdm o lpﬁ@toamft@ﬁaaase or
spot of light to inpinge the eye, an actuator cow% to a novabl e

first | esEniandetecsirang conitpured in audlyze drensHiss phlight duthe gaaeede deipghpe dent
frOmzbhelJchﬁo%toﬁa'refe&ﬁe@[ﬂﬁn&l@h&%hmsg fdthmghaée%@aw@%@tﬁel st lens

wi thin the 15subject’'s eye, I'ens configured to focus |ight sent
from t he sourberlgnpentaions p@h@@VWlmn@ay include one or more of the following features.

The light scattered by the subject’s eye and received at the photomultiplier tube detector travels

along a substantially similar path as the light sent from the source. The first microscope

objective is removed to allow the light source to transmit light as a collimated beam toward the
25  subject’s eye.

Further, implementations of the invention may include one or more of the following
features. The system further includes a second lens configured to focus light sent from the
source and scattered by the subject’s eye, a detector configured and disposed to receive a first
portion of the received light from the second lens and configured to provide indicia of an image
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subject's eye, a photomultiplier tube or simlar detector configured
and di sposed to receive a first portion of the received |ight and
configured to provide indicia of an inage corresponding to the first
portion of the received Iight, and a processor coupled to the
photomul tiplier tube or simlar detector and configured to anal yze
intensities of light in the imge to determne a 20 | ocation of a
reference point corresponding to an interface of a portion of the
eye. | mpl enent ati ons of the invention may include one or nore
of the following features. The light scattered by the subject's eye

and receicyRepaiditd® RRLOBHidH dTltherecdivdigiHE bR the hrdckR¥Ek FurBlePBEipRed to
substantially simlar path as the |ight sent fromthe source. The

first m dreolsteson apbsosfieprgd tq analygeinieagitiepodishbin thhignaee irdetaminecadogation
transmt ki glitre@s Rink CbrtdspBiateh 18R MtirPIBbEa hiHBoSISHPERS héreB)Ee light

Further, 1nplenmentations of the invention nay include one or nore of
the fol | eedttargdibyhesubisct’sTiye asg frcused by therepondiensugasisalopg egath thetng4s

confi gur %g%r%% s Belfihe ok ggﬂt o%%{etsua-@&erzga gﬁ géggws%ﬁm%ge&qe% oyt Bn

subj ecCt's etector confi gur I sposed 'to receéive a first
portion dfecsohwereceived light fromthe second tens and configured to

provi de indici,a 0 | i t J i gn of
Phe recel ved fgnianEags e SOLARRRANThIRIC e bE ol df T BRfkne
det ect or feandes Griisguiere durther mnblsszefisindichnsic beas spittet dighutsed m thpath pbleght

to determn ne | gcation,of a.reference Lk I

tert acabgvedon FEASRR RS ARy LALST LREARUNG SO SARRLARLeI B Riloaty ot

subj qot ' Sightyfeora i sbaee sledfibyantiheless sandd Hehoijc Heamwspliteratmufigurad pateHect

that is 45 5degrees the li of .sight. of the.subj.ect, an

degrees Wf R FSS'SIQBP{’ ﬁ%httr ngvﬁif%a %eflec:[qqghpe PPESH ﬁuﬁgeﬂé%‘ﬁ?%eé a st Shutter

fAI leJ i malspoRALed peiftsin @fe gatieofitie/eht E@ﬂntra@eysi fire1ft khtd'ngOMrcﬁgomagd &e@hlgjbd:tés
ollowing features. The Systemfurther includes a first dic¢hroi eam

Lol 1 ot or SR s WA BdEt b e LA o B e By heE e et

and at | @ashroiRAaQREIEHHEH et JoREdN eRbdeh hedrt BatP The Hedriratdiforit is Of

10l i ght fromthe source, the first and at Jeas% econd di ¢chroi ¢ bea

spl i tifer sorfagredpseegrtiog of aferlhaad ggst fog thesulyedto 1pp Berrigata moppior [Sseriighd

to a det %E?Bﬂioﬂ_ BEa Stk WetsigEct! Maé BEem Rrthashclsdiybipetentikanoaghrad
a point in the path of the light as it travels fromthe |ight &égrce
e

toward t fieregulgjedeart beass/ef thervbiest addha rrarastsiis soREBab Y AnHhedHte
moni tor  apflectibe e pescR belweef R tdfsed to

In accordance with implementations of the invention, one or more of the following

20  capabilities may be provided:

» A workable fluorescence intensity measurements system (e.g., FLS) capable of
localized measurements in the lens’ of eyes.

e A workable, quasi-elastic and/or light scattering intensity scan system for detection of
diseases using measurements of eyes.

25 » Diagnostic measurements of the eye can be taken by a single operator using a single
device. Diagnostic measurements of the eye, e.g., for disease related information, can
be obtained without physical contact with the eye.

» Repeatable, highly accurate, measurements of light scattering intensity within an eye

can be performed.
1t



synchroni ze data collection to rest periods between heart beats. The
heart-rate nonitor is 15configured as a portion of a forehead rest
for the subject. The heart-rate nonitor is configured as a portion of
a chin rest for the subject. The system further includes a pacenaker
configured to regulate heart beats of the subject and the processor
is configured to synchroni ze data collection to rest periods between
heart beats. In accordance with inplenentations of the

i nvention, one or nore of the follow ng 20capabilities nay be

provi ded: A workable fluorescence intensity neasurenents system

(e.g., FLS)e CaEpaRis@nfigdn@s@nhithgdrnasd qearahstic Iipht fatdriRIQLSS (&S own
A wor kabl e, quasi-elastic and/or |light scattering intensity scan

system for defE®mpwis kght éﬁagﬁra@egelfu%qah@e%ﬁgqmemcgm%fpeéwgom@Scr

Di agnosti c MeRgiiR¥BiHeAn [gtmtcttﬁer%meg%ﬁh hepdrRlats &ya gngb B&H@m‘i)@@ﬁ@é or
usi ng a single device. agnostic méasurenents of the eye, e.g., for

di sease relwt b@vmeranmsubmt s eyarcabde opmpimaied fmrtihmgdlpgwgfmatasw@meatét
W th tjhe eye- }\/I lf?ﬁ!??e n?sbll[ intra- ogtr;'laxy 1mp?a(1:1'f§r %%e dg?l%ﬁh'&fe e E n?\famk'é gm‘mer
nte Be pertor hed. I

scattering i nsi hi'n *ah eye“can uor escent
| i gand scanni ag., (d?ﬂﬁ}.lkapefammms Infalre;b(m)cpﬂotcg:tttcumemtﬁ@rdfrmo(e@g&)e iftensity

known as dynam ht scat.terin sel f- eat spectroscopy, honodyne
spectroscopy,“#gvgf wEFQPdHEQb%t%%F?% ° RISt her nanmes) can be

performed on Fhsiobgod vithad irDsydlo HytitGeatteriMpM@MRIM Nt can Belbjcagitely eye
can be conpenﬁated for during diagnostic neasurenents. 5 Measurenents
for intra-ocufdFm ants can be determ ned in a non-invasive manner,

e. g.,0f or LasikaRpestol @ath%e ;Jr&tlaaﬁs@e&ﬁy@.e REALR vl MG 36 Réks@kd data.

fluorescence intensity relative to position within an eye can be
obt ai ned.  *ThBidmugphomsiriagiof HiereyarandieadetstmingdyHer exempleaiarangters for use in lens

measurement s g(ﬁﬂtlpl%, RSl o tgéatt.lc%'t}mﬁﬁéjantenor segment, thickness of the cornea,
and/or thickness of the lens.
e Measurements can be made of aggregation in the eye relevant, e.g., to cataracts,

15 molecular age, diabetes mellitus, radiation exposure, (e.g., for airline pilots, radiation
workers, astronauts, cancer patients) and/or ocular toxicity (e.g., for long term exposure
to systemic steroids and/or anti psychotic agents).

» Neurodegenerative diseases and/or TSEs can be diagnosed and prognoses provided.
¢ Drug testing can be performed, e.g., preclinical and clinical mammalian testing.

20 e Movement in a subject’s eye due to heart beat can be compensated for during diagnostic
measurements. _

e A continuous cross-section scan of the eye can be performed.
e The region of measurement of the eye may be sufficiently illuminated while
maintaining eye safe levels of illumination at the retina,

25 These and other capabilities of the invention, along with the invention itself, will be

more fully understood after a review of the following figures, detailed description, and claims,

BRIEF DESCRIPTION OF THE FIGURES
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10 Quality control can be provided to verify the location within an
eye for neasured data. Bionorphonetrics of the eye can be

determ ned, for exanple paraneters for use in | ens equations,

measur enent of the depth of the anterior segnent, thickness of the
cornea, and/or thickness of the |ens. Measurenents can be nade of
aggregation in the eye relevant, e.g., to cataracts, 15nol ecul ar age,
di abetes nellitus, radiation exposure, (e.g., for airline pilots,
radi ati on workers, astronauts, cancer patients) and/ or ocul ar
toxicity (e.g., for long termexposure to system c steroids and/or

anti psychot i e1@A68h $lospecivsiViedeFam@hhnesing bysams &5 uddil/ ridasuripadipfan
be di agnosed .and, prognoses provided.  Drug testing can be perforned,

e.qg., préedtteAngwithings ey phihe Baticiasradingio sQag sRpIMENt\pH RS HENEtIoR. o

subj ect' s eyerfe it @ bR UlaghRAST LRMpAR: QRARSATRE S for during
di agnosti c neasurenents. %\ conti nuous cross-section scan of the eye

can be per f or FE&# 3 is TReosy-sagtionl hageod suexermsonidesbyt thesysies shaympeFIG. 1 with
suffigie il ' j iAt ai ni fe l I f

: Whehdil 4 st Eeh b §{4RioAt @i ning eye safe levels o
|Ilun?na?%%ﬁwaf the ré%ﬁha:IZST ese and other capabilities of the

i nvention, al BKg %k & kroshecclionabimagse! pn exsiproviddd by thesysisrmeshown|iy FIG. 1 with
understo f . i e follow ng figures, detailed

descri pt i%glr’f?a e Brelte el "B O BT O o THE FI GURES FIG 1
is a prospect Fi® 5vis ahlogk flaw|diaghim etaprioesss afmeassiieglight scaismng fiom a
measuri ng ,l.i ght teri al ye of the patient according to
sone enbg‘étfj?r‘%ﬁtegg'gsﬁﬁ% tﬁé S%\}%\%}r{(ﬁ%ﬁp %ﬁg 2 is a block diagramof a
conputer showRlG.16 ikh Block flow diagram of a pibass 8f pesfoaning dssresent lignd lscanniage

O G LSy RS 7 P11 1 both percl
FIG. 7 is a block flow diagram of a process of performing quasi-elastic light scattering
and fluorescent ligand scanning according to some embodiments of the invention.
FIG 8. is a diagram showing the timing of the acquisition of data according to some
15 embodiments of the invention.
FIG. 9 is a sample display window showing test setting information and front and cross-
~ sectional views of an eye according to some embodiments of the invention before performing
quasi-elastic light scattering and fluorescent ligand scanning.
FIG. 10 is a sample display window showing measurements according to some
20  embodiments of the invention after performing quasi-¢lastic light scattering and fluorescent
ligand scanning.
FIG. 11 is a block diagram of a scanning Scheimpflug illumination and scanning
Scheimpflug imaging system for taking measurements within an eye of the patient according to
some embodiments of the invention.
25 FIG. 12 is a side view of a portion of a light scattering system for use in measuring light
scattering within an eye of the patient according to sorne embodiments of the invention.
FIG. 13 is a perspective view of a light scattering system for use in measuring light

scattering within an eye of the patient according to some embodiments of the invention.
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FIG 4 is a cross-sectional inmage of an eye provided by the system
shown in FIG 1 with only a pencil beam | aser turned on. FIG 5
Is a block flow diagram of a process of neasuring |light scattering
froma subject's eye using the systemshown in FIG 1. 10FIG 6 is a
bl ock fl ow di agram of a process of perform ng fluorescent |igand
scanni ng according to sone enbodi nents of the invention. FIG 7 is a
bl ock fl ow di agram of a process of perform ng quasi-elastic |light
scattering and fluorescent |igand scanning according to sone

enbodi nents of the invention. FIG 8. is a diagram show ng the timng

of the acqui srrt[@on i9h paaise%na@ﬂ@wfaql hiGcSRABg HRENPRE LR hfeaQlrink H@ht
I nventi on. FIG 9 i1s a sa |s |g%%WAndOMIShOMAng t est

setting iSAISFRGMIBIY ase Pf R Patigh 1“6?’6%%'1@ hegdhaf the pasigst comlinedg some

accord|ngmﬁngQﬂgcgﬂpqghﬁﬁgﬁs of the invention before performng
quasi -el astic light scattering and fluorescent Iigand scanning. FlIG

10 is a sanple display w ndow show ng neasurenents according to sone

20 em3odigRie E pfnﬁmﬁv@ntmﬂg%%ﬁmﬁw@émmwgasi -elastic |ight

scattering an |'uorescent lig scanni n IG 11 is a block
di agram of a §om nmhgh@chtepﬁ’ghﬁllrugnilcm mrmxdateclmqtmﬂ)rmmﬁmggight scattering

Schei npf 'vH 89’? ”‘amﬁmﬁ Egﬁ‘&%{;ﬁ{ﬁﬁ%& %JE{ Al fight of

t he patlen acco sone e e 1 nven G 12
is a si descalieramg syfstem ipdutésariasf aaemblghlnat sloadstadasenbragyiptoensubict’ uge. iAn

measuring | fgrf]%nsstﬁ?& E: ehk chattg\{le@ msgr i gxl grflag% 08 aRALL Sgr}l%lﬁc Corli el%)\/e%g?en

some enmbot he- ThVent i on. a‘pers
| i ght10s ca]het teansfeg)leay atdahe ﬁl@asutm&:nt mlrrmalmjlghng refleglet] foaad Stegriblg rruwdirhh:n

an eye of t a nt acco di n nents, of the inven
fra 1 e BB pr SRSURE I G f BT R SRR BT oS et eopBin ShE
nmeasur i N@ndak@érhers @afrbetias ﬂ@lnMoIehhaﬁ allowe3teneadf tlideatpeadd ladet light t6 p&satthrmgh
}[ (rjlvteg'? i 2%3‘ bé) Iletécrt]e% l:graa:[ sllr?gri'e photgnoéetecto anc? ana?yzed 1%5'? ggr'd&&r@o? sgt{ware correlator.
The scattered laser light not passing through the pinhole is reflected by the measurement mirror
15  toward a charge-coupled device {CCD) camera. The camera obtains images of the scattered
laser light and provides the images to a computer. The computer obtains information from the
correlator and the images from the camera. The computer can analyze the output of the
correlator (the correlation function) relating measured scattered light and position within the
eye to determine whether the eye has indications of abnormalities such as diseases. The
20 computer can further process the image information from the camera to provide images of the
scattered light from the eye and to send control signals to the steering mirror to adjust for
movement of the subject’s eye and to help insure that light from a desired location of the eye is
being directed through the pinhole of the measurement mirror. This light scattering system is
exemplary, however, and not limiting of the invention as other implementations in accordance
25  with the disclosure are possible,
Referring to FIG. 1, a light scattering system 10 includes a light source 12, a transfer
lens 14, a steered mirror assembly 16, a measurement mirror 18, a CCD camera 20, a correlator
22, and a computer 24. The combination of the light source 12, transfer lens 14, mirror
assembly 16, measurement mirror 18, and CCD camera 20 forms an optical unit 11. The
14



5 DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Sone

enbodi nents of the invention provide techniques for neasuring |ight
scattering within a subject's eye, e.g., a human eye, for diagnostic
pur poses. For exanple, a light scattering systemincludes a | aser
assenbly that shines a | aser beaminto a subject's eye. A transfer

| ens focuses the scattered |laser formng an i rage on a neasurenent
mrror. Between 10the transfer |ens and the neasurenent mrror the
light is reflected froma steerable mrror that can be adjusted to
position the inmage on the measurenment mirror at a desired position.
The neaswpeeatahit M mapbe Hdsedasi siripdd enit inaligidhd Mesnsiroiientad atkiitgect’s eye 26.
scattered, | aser ht to ss through_.and be detected a single
phot on e SV 10 ﬂéwgﬂ BEFhéfaﬁ'gPE 03B R s Lo B Mg

The scat ts@d’tl@f&d'fﬁ)%ﬁ‘ﬂle 'eycgi‘ﬁ is ﬂ@us@ﬁﬁﬁth@&eﬁi&fdﬂ%hm’ir@ lglaﬂﬁlpcl)sﬂldnsdetermmed by
reflected by the neasurenent mirror_ 15 toward a charge- cougled devi ce

(CCD) cais Secrin BIEenAsTetbni G TG phdiliehdfnepdsrt @%Efteéwe’@r 18, Basses ugHgh

and proVvidgsiithhR 38 TREEsptical ok OSPRIBcondiRS tEOIEN {PA pHIRIrAIRRor 19. The
information fromthe correlator and the i mages fromthe canera. The

conput er detgpronkhsapAstpuhrulens i the correlatels Br pelwisoporalationcanr rlee bt das in

functi on)ofighBldRulBRSHE ﬁgdmtcb%ﬁa)r b ghémiaRdioR 88 tdthiile Mid ik dwdrhie
eye to determ ne whether the eye has indications of abnormalities

such as @therposvns qithe swtteradrhehtare drpatef drormide myrercldye the{eCh sagera 20 and
| nf or MRt i; g Pl LlfiefeMehetebiB RIS RIS Bltcl B ARALLELEH2L L8N

fromthe e fo send-con ignals to t steering mrror
adj usp f mq:cervwewdmono‘fmctthes sbipeasityoneapercments o0tht Hplp reqssigd by tth?morrelator

ANt T O B fRS R b ARAE ARG aﬁ&ﬁﬁtew@hﬁ@aspghggt H pared #ﬁ%laéﬁséy%fgg%;ﬁ to

t he plnho TEasur ement m erin

i s exenpldateymink bkeineod ofxtistasestand iypes wﬁ@e@des irhthe sulyeh tand to @strok ther

i npl enent at.i ons | C nees 25W th t S

Ref erring® C{ESCtﬁn@f hfﬁtcbgotpe gﬁﬁre sCatvéy Slelr?g) iaysys qiog r&ller%gél a% lggn ‘E‘L’ H’ 9%6 from
sour ce 1Zyhich lighaisdkig n’teamﬁetﬂ.eéh,d rroddein etk cmrelaaur 22,5 Wbt lnyt shawnahe system

nmeasur.e t myrror a orrel tar ,22, a

Commdber 18netidkt ® Ehimtss i e B Rar R o el Sos SR cuted's tEp e e o
14, mirr @ﬁbjea%ep@talslpﬁsmmsu be (tRntind’d tyothe light seurce COWithaniowadiBiments
forms an o unit 11. The 14 optical plt 11 may be noved as a

t| Cﬁl
singl e ui? LPRGRS RGSHAAMY R APEIRAR PP R s ubj ect ' s eye 26. The

system 10 Is eﬁ@flgtglsm@e 1 DmaEbélcdfiaied e ljoﬁlﬂehlultlpgﬂbsdrb‘é:ﬁnsttbehe eye 26.
subject's eye 26. Light scattered _fromthe, e 26 |]beoc sed qn t he 6
measur endRt ARG the sousse 1y pushe soBfised s Swe?% e@{@ww s P62

assersl Y 116 wilbeMBerHortidh§ of ih8 Ptndiinehe0! THE PéhctiBEariBO WAl pdidtrR YS&Sinto
through 5a smal |l hole 38 to an optical fiber 28 which conducts the

| i ght to tke 636 aleng ariaghflinggnd \mbbe scattered to varying degrees by different materials
within the eye 26. The laser source 12 may be further configured to provide a fan beam, or slit

beam, 32 directed at the eye 26. The fan beam 32 is a very thin, planar beam that will also
penetrate deep into the eye 26 and be scattered by various materials to differing degrees. The
25 fan beam 32 is used to assist an operator in aligning the instrument 11 to the subject. During
alignment, the eye illumination is changed from pencil beam 30 to fan beam 32 and back
several times a second. During measurement, preferably only the pencil beam 30 is turned on.
The light of the laser beams 30, 32 is preferably of a wavelength that is not visible or
only slightly visible to the patient such that shining the beams 30, 32 into the patient’s eye 26
15



detector 19 can output pulses to the conelator 22 for analysis,
correlation can al so be done in software, w thout specific hardware
correlator or a conbination of software and hardware. O her portions
of the scattered light are directed fromthe mrror 18 to the CCD
canera 20 and i mages of the scattered light region are provided to
the conputer 24. The conputer 24 can al so 10receive correlation
functions and intensity neasurenents of the |ight received by the
correlator and process the correlation functions and intensity
measurenents to performdiagnostic tests to determ ne |ikelihood of
di seases wil doﬁq&pﬁﬁilmbm&irﬁmabe?ﬁatiieﬂ tvheh subﬁ exhlt irathel pitmncmatrmgbndebaeably.

redirecti o i ght t he senbl 0 CO troI t he
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hocd See ey b AR be S beaRe2dl Guihe Siearion pEPPIERLoL e bom 10 Sy rbegusle
by the | ipera9v0€Bethen weua@arﬁg:{mza&hmsbﬂeememnstfé}qedsugmelpgwrce s
p03|t|on and/or angl e as, appropri ate. | i ght source 12 ma

be confi getuegrmimmizeimensions pf the faseet ggign Oéé%ﬁ‘itﬁfeflélgb"rféceé‘iﬁé feogn thegye 26.

exanpl e g 5 Ihsh4 :é’@ﬁﬁ e@%b&%@ﬁg]ﬁ@caﬁ@ﬂ%ﬁ f:%rd ﬁé@ e;ﬂ%lﬁé thebeam
20 toward the eye 26 20that w il scatter portions enC|I beam

30. The preagir¢mesd Minra0! 3alhe stﬁémpméssa@é 1|6nmiu<ieﬁéheéy!ér02 andonggirgpr
strai ght dhl/é‘r‘?ﬁ&&dsé"“#ﬂe nhﬁoﬁﬁﬁts fc&hf‘gqrédoan\a%é’ bsean@l%& ?s%s#?aénaj E&éﬁﬁﬁd‘i the

materi al s In the eye 26 aser source
conf ilgur edrro@*-lmecﬁwedéh%fw&nd sratiened bghtdtom the éramﬁferé,@lSdﬂ rae@ tféﬁe%ts thtlshlght in

eye 26. %ré o ft%ﬁ:@%ﬁ%u&%ﬁ)ﬁé@%%ﬁgfs@bnﬂ R) 2RRLs 59 el JFfe ht e'nng're?g‘? n on

penetrat e be’séattere ar| ous nmat
to di fferthengewegmemsmrr"éh& Zﬂfmmeamsaamested@ﬂletduvmtstt 3Gthataper at or

e |0 PR B a7 MBSt AR

eye il LufPhation s chan rompenci m eam
back sevedcalved frms:haccmqnmdci Db mng:r Bésss:mnﬁgmcﬂ to qniweﬂtemihby%)td diretttbe

penci.l. beam 3 aser

5" 45 or arilpizg Ry MidBHtergnsy 4 sl Bl B bl B e PERET 1580
vi si bl e tesited el @tieilesation (), sttathatshdesirapdriien dfeboatdfied Beht padses thhmgha
paticnt'zl eye 26 .15 i1l not cause disconfort to the patient, which .
could re B'Iet‘nfl’i‘f”t‘lﬁgr ti ent noving undesirably. Preferably, both of

t he bearms 30, TRZmBavenwavRirteeNQif®nhigir®ani diposdd t4 Géfednlight B3 the steered

mirror assembly 16 to the CCD camera 20. The mirror 18 reflects scattered light from the
20  mirror 34 such that the CCD camera 20 can receive reflected light from the beams 40, 42 for
imaging scattered light from the eye 26. A hole 38 may be provided in the center of the mirror
18. This hole 38 is preferably a pin hole (e.g., about 50 pm in diameter). The hole allows light
from the scattered beam 40 to pass through and be received by an optical fiber 28. The optical
fiber 28 transfers indicia of the portions of the beam 40 that pass through the pin hole 38 to the
25  detector 19, that provides electronic indicia to the correlator 22.
The detector 19 is connected to the measurement mirror 18 through the fiber optic cable
28. The detector 19 is configured to convert the light received from the cable 28 to electronic

pulses, and to send the pulses to the correlator 22.
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The transfer lens 14 is arranged with its |ongitudinal axis

per pendi cular to the pencil beam 30 and the fan beam 32 (i.e., the
direction of propagation of the beam 30, 32). The angle, 5preferably
90, between the beams 30,32 and the axis of the transfer lens 14
hel ps to reduce/ m nim ze di nmensions of the target region of scattered
i ght received fromthe eye 26. The transfer lens 14 is configured to
focus the light scattered fromthe eye 26 onto the neasurenent mrror
18. The steered mrror assenbly 16 includes the mrror 34 and a

m n-or driver notor 36. The mrror 34 is configured, and the assenbly
16 is positiomiecorsdisbr 32Natodfipared Qotaceioe el3élrdnﬁ£;ﬁils}é§ﬁ'oﬁ1hﬁe deveusiad and is

scattered I ht fromth transfe | ens 14 redirects this. light in
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14 such tifarmatien t¢ thggpmpwier fuegpsding ﬂ}:ﬁ’ét?e eromnr pagregplss iy the lepe of the gye
relativejocation (e.g., such that a desired portion of the scattered
l'i ght passes through a hole in the m nor 18). The neasurenent mrror
18 i s confi gubdCaRraniessie dispesed and @eﬁgmﬂe@mrﬁwwﬁahh@ﬂgttebﬁ@m the
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t hr ough tchsfigared th @tcetdﬁanﬁ)ﬁnﬁthm t@ ﬁﬂebmphter 241 @gartling thepmagdschd the eye 26 for
el ectronic Bltdbghatoﬁ correlator 22. The detector 19 is
conndct ed'SPEYPRECHOIPYIEAEnt nirror 18 through the fiber optic cable
28. The det ecira¢ cokSpuits 2@(mfdnggmed td ﬁcetmmfntaaﬂidme&dm gietcoﬁelee'r serthé r om

the cable 28 tqQ electro ul ses, sen the es to t

oo oot Ganers 20 and procesy TS Bimatal sEogmenad cale BN AgLA perform
el ect r oniggagRbHis © erﬁtﬁ(ﬁl@] U"h@cdiﬂilﬁiﬁtmrcaﬂ-ﬁroa&d 1dd$:aﬁ@r&fdfgg§regiatd @p@rww me
fluctuations_ in intensity. of the ceived v the

hol e 38 diwaythe pereel 3%%’- teSeteaniae Btdwzﬁorissofé%ﬁ?%ﬁt%%?%ﬁeﬁégf bess

aut 090N ahak bPihe AYODY frbdl ke daﬁieftgzo HdipedvideontrRignak @b meqss}eingm 16 to
intensities to determ ne sizes of protel n aggregates in the

of
the eye 3ding theppsitiogingaf hegpirop34 o qogirelvdrcternstiateidhe tcattﬁtrtfbh% fﬁpft}t er

24 and c@pf A {Scilit BhNthEpiniHafeoTgMRE I ON to the conputer 24 regarding
the size of proteln agg es in the lens of the eye 26. The CCD

a
canera 20 is Bﬁ@pﬁe@éﬁ%ﬁﬁ?%@nfhewwawt Yysteacdd ipdudds giproceespr &% mesEnory &

the disk drives 86, a display 88, a keyboard 90, and a mouse 92. The processor 82 can be a

25  personal computer central processing unit (CPU) such as those made by Intel® Corporation.
The memory 84 includes random access memory (RAM) and read-only memory (ROM). The
disk drives 86 include a hard-disk drive and can include floppy-disk drives, a CD-ROM drive,
and/or a zip drive. The display 88 is a cathode-ray tube (CRT), although other forms of
displays are acceptable, e.g., liquid-crystal displays (LCD) including TFT displays. The
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measurenent mnor 18 fromthe |ight beans 40, 42. The canera 20 is
configured to be 10focused on the pin hole 38 and to provide an i nmge
of the reflected |ight that has been scattered by the eye 26. The
canmera 20 is configured to process the received reflected light to
produce i nages showi ng a cross-section of the lens of the eye 26 due
to light scattered fromthe fan beam 32 and the pencil beam 30. The
canera 20 is further connected to the conputer 24 and configured to
provide information to the conputer 24 regarding the i mges of the
eye 26 for 15 display by the computer 24. The conputer 24 is
confi gur &dyﬂo@rd%ﬁa@ﬁ\ﬁﬁ)uisélbpﬁr@ﬁidb dita inpaiinkftaniems flaadsar (narstow e Thaner a
20 and process tg Bfornation accordin&l§ t% CﬁLI ct desired

i nf or mat iCBMPANESFEr ¥ Ffh T 2478 P aresputester 85 a buy qpaier syptegiig can
process isifl, e3t, iPhe nRincdy 94, Q8RN & L¥RESHnARInSicaputdroeadible, eaptel-at or

22 to deternine indications of disease. The conput er 24 can proce
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to control Wwhich portion of scattered light in the beam40 is
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system 2 i e REAC23 808 dbthe IIRAPSY 38 Asdhdidanddih RSBl sRrghtis
di spl ay oar a nouse . The processor 82 can a
25 pers orseatteted rvpthztwﬁ&,c@nt m@nmp’raéeeg@pmgxdmp@arf( @Rbngbum@t é%mtth@wgﬁéae
by Intel I y
Chany - and i BTh o B0ty uE Gt 20 HGE 20 R

har d-1@i s kutchow@mdegianﬂ sfgheicle 26| ang s dprarsdss invler, reaom mwm i50e,
and/ or a M4 \}i)r‘lg,dt% eeleﬁ in_the d\’ﬂ%% héﬁ 15 s?gﬁ‘ﬁ {lggﬁQEer{e@X{lE%?céquﬁgktS due o

al t hough ot orns o] ys~are accep Ccrys
di spl ays Typ&DY collagénsdn rig 1dds Taphukph aqpfsa -nildiear tegionkdy lraba uhicBOs 01df timewae

o2 prow 95 45: 8g} BBy SHEINLSTE L AEsRHSSh B AU el a0
conput er igy&kainiRdsitait sedtiered light igceivadrbytthecamern?(y Ado, adoighvepbes3; tade
contai_nin ut er - r eadabl r-executabl e instructions for
cont el I | Hﬁ“?lggpobr‘%E%?jdl?yb]féﬁ [%e ng?gfie JR®*ons described bel ow to
5i mage and anghy@@ndrd Yhprodaadt bisue sl hyagedisecot; bdtone of sk111 uﬂaéennhdngstands
also to FIGS, 3-4, the cogg ;g @%@éﬁ onfigured to %U |nage
50 of ¢ hdhasglenlErte Bifs Y e oFieffHien BCYqTS Hscashuroggh s rages

i ndi cat egefwRed Mdut HRARIIDLcordia@Bbné §ecsxfdat1typroemy \ﬂvta hoﬁélgmnfﬂlﬁﬂlﬂhs are
intensity at a cornea_ and appeaég ggga brig 52.in the maggnl

50. As t ifBtamesaf qacihpasitionon ther vk %%rgeqsﬁlfeﬁle?% fagnsingeon g giypepo
not  3hgnitfd SRNNbYA GRbRE SGhOYye@6 due to, e.g., pressure surges due to the heart beat of the

subject, as well as other factors, typically cause the eye 26 to move during the time used for

obtaining information to produce the correlation function. Such motion can reduce the
effectiveness of the data produced and thus the effectiveness of the measurement taken, and
consequently the diagnostic results. The system 10, and in particular the computer 24, is
25  preferably configured to help stabilize the image 50 by compensating for motions of the eye 26.
When making measurements, preferably only the pencil beam 30 is turned on and the
tracking mechanism is active. Referring to FIG. 4, the computer 24 can accommodate
movement of the eye 26 due to various causes. For example, saccadic eye movements,
blinking, pulsation (e.g., due to heart beats), or voluntary movements of the eye 26 can be
18



10 vitreous hunor region 54 of the eye 26 and thus appears as a dark
region in the image 50. Moving to the left in the inmage 50, light is
significantly scattered by a |l ens capsule 56 due to Type |V coll agens
in the | ens capsule, a supra-nuclear region 58, and a nucl eus 60 of
the eye 26. The significant scattering results in the bright portions
shown in the image 50 due to the increased intensity of scattered

| ight received by the canera 20. Also, a bright spot 53, the
15Purkinje spot, is caused by light reflecting fromthe cornea. The
canera 20 produces about 30 inmages/second, but one of skill in the
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i mge 50. Any of the above nmentioned. interfaces can be used as a

r ef er enc @rgseit pesition ofifaalent eapse 36 imlsMangeradde comBWET?S, can determine the

distance in pixels from the present position of the lens capsule 56 to a desired position of the
25  lens capsule 56 in the image 50. The determined distance is a horizontal distance (for example)
from the present position of the eye 26 and its desired position relative to the field of view of
the camera 20 and thus the image 50. The computer 24 can send control signals to the
assembly 16 to cause the motor 36 to move the mirror 34 such that the actual horizontal
position of the eye 26 in the image 50 is the desired horizontal position of the eye 26 in the
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The conputer 24 places a marker, e.g., an "X' 55, at the |ocation of
the reference point, near the anterior |lens capsule interface 61, in
the captured inage 50 to permt future visual 15confirmation of
proper tracking operation. A pickup point 66 corresponding to the

pi nhol e 38 remai ns at the sanme pixel address in the inage 50. A
desired pickup point 64 in the eye 26 is set in a setup screen to be
a specified nunber of pixels neasured fromthe | ens capsul e 56.
Knowi ng the pixel position of the |lens capsule 56, the desired pickup
poi nt 64, and the actual pickup point 66, the conputer 24 can

cal cul at embgeesaoneﬁeaﬁlpﬂefmcdaﬁhme@nﬁk@thekeaujuadlems@hﬂpg aﬁammwthe
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Tl nted Y Gyt Bt et FEIeTiD HHe Rt R e RELT g SremitaHLsa Bt te
adequat elYipsOsPRARAEARI pupil 70 of the eye 26 and the subject is fixating on a target (not shown),

the laser beam 30 passes through a unique path in the lens of the eye 26 and measurements may
20  be made at a position that is reproducible from one measurement session to another. The user
can size the ellipse 68, c.g., by selecting the ellipse 68 and dragging a cursor to adjust the size
in either axis of the ellipse 68. Using this alignment procedure, the same subject can be
analyzed before and after various procedures, such as operations on the eye 26 or
administration of medications, to evaluate the success of the procedures performed or
25 medications administered on the subject.
The computer 24 may be further configured to separate the eye image 50 into regions.
As shown in FIG. 3, the computer 24 can analyze the intensity of the image 50 and separate the
image 50 into the cortex 57, the supra-nucleus 58, and the nucleus 60 regions of the eye 26.

The computer 24 can use the segmentation of the eye image 50 to control the assembly 16 to
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10As part of the initial alignment procedure, the conmputer 24 may be
further configured to superinpose an ellipse 68 on the image 50 with
both | aser beans 30, 32 turned on. The ellipse 68 is preferably sized
and disposed to align with the pupil 70 of the eye 26. The ellipse 68
can be sized manually by a user of the conputer 24 using, e.g., the
keyboard 90 or the nmouse 92. The user can use the imge 50 to sel ect
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nucl eus 58, nucl eus 60) and have data collected within each region.
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derivative compounds such as {(trans, trans), -1-bromo-2,5-bis-(3-hydroxycarbonyl-4-hyrdoxy)

styrlbenzene (BSB)}. The system 10 can also use the same camera 20 for both the QLS and
FLS measurements. The system 10 can perform optical sectioning with FLS and the slit beam
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portion that passes through the pinhole 38 anal yzed by the conputer
24 such that the aggregates' presence and quantity can be determ ned.
The i magi ng agent can take various forns such as a chronophor (that
is colorinetric, in the visible light spectrum, a fluorophor (e.g.,
a fluorescent probe) that will fluoresce in response to |ight, or
other material that will 20distinctively and detectably react to
visible or non-visible (e.g., infrared) light. A distinctive reaction
need not be unique, but is such that it differs (e.g., in wavel ength
and/ or degree of reaction) fromthe reaction, if any, of materials in
the regi 6@ tmissfsﬁnenaepmgdterm 26 b, $dqéonimm@b ng: 2AQetbe light sorttesd ifrogn the

i magi ng ly f]u dlf vel of h

t han mat %?l Q‘fs :%n % i te?’e)eéoé%m(i"grg(?g1$t Mo un $ %reaﬁe@tﬂhﬁ}eccﬁlgu%%caﬂ
fl uor escest Fn/mmedsemgtehi)s td hmﬁnhf@&ﬁaab&rneaisanﬂ/er dtah@s@eQBS 2@Easurxednsd @r y
fl uorophorr& ar § scusset déJ E n{ No. 6, 849, 249 (herein

i ncor por & Hmb@‘ TFASPISTRERts Apd PPgioshiy YPEBSFIS and i ncl ude Chrysani ne or
Chrysam ne deThwathe ¢gstan m@mssdJﬂiﬂ dagnds(it papsses by atrdicting an ocular tissue

T Syt 8h FOPERh - A1 108 M Caes Gy BB ORRSERY PRER S By

FLS neas uﬁ@mrStelnTcher@mﬁylem ptéteindpgRe4té.0 IMie ofhpdiall pRBetntiaily Bmdﬂwd h
FLS and the slit beam 21 32 to assist in nmappi ng the eye 26 ﬂ
sect i oni AGYlifkrrelpms sepparyhio qtheg frpleated hesteantripBmPr N Wy clseRhs f@‘o 32

can be cgskg S§tla%5f‘cg cOfpdiA8 chTREE a ARt R 1RNNE. fd%rekﬁﬁl%le tB@ﬁu&@éEEﬁ{tp%be

24 can use nmeasurenents to confi rm nmeasur enent s and/ or can

use @@s meﬁweﬁwemascwaewqerWPE@M%@%’#@WBO%ﬁGU@ Bl gans), -1-
| f
concl usi B 02‘5}%&&83 for U glql?yﬁ%gg%‘igpé&%e(ﬂ%g @ﬁg&}ﬂ,&@%@oses

by contacting ‘an o |ssu n subj ect
with a déerecatladzsltbrerbaibed lem\mmmdemm} P@tendﬁoa ésléméﬁnﬁtléﬂﬂ’/@r otein

or pre-a tein a [ K

to anmyl o% % g@ ffﬁ%“é%% &ng(?ofuﬁ pti%p e%re ng{ﬁ:'l?res ntéonk‘%%{'ﬁ& 6
pr ot ei ns mefods etilab Iayugm)hlq)cthﬂxedma&bgent aﬁﬁbﬂeblmﬁmg)ﬁhnyshmmsaiensataze to
fluorescent probe. Fqr exanple, the flu res ent prob 0

1 on S Btest N pepiidesan focae b iory Dl oo aysse By SRBSTBBL A BEHidas

((trans, stdipfidlophork and probes are commerc1ally-ava11able e.g., from Molecular Probes Inc.
3P hydr oxycar bon hyr doxy rl benzene

b 2,5-b

CL?%’am Eege{ggaéﬂ demp dydsi Q/-ésxt%é}fé(ffa"é»r‘éaﬂé obRromP-2:hre ”aﬁ?’thY(iE”@Cﬁfb%Yé

Pat ent Nﬁglgr x%ﬁéﬂgé%en Bb@?} Fs?ﬁen@tallﬂoob@)mstameﬁ]ewmomdsuhk Rflalt O
S,

Al3 pepti ut are no uorescent . %OOSU ¢ nethods utjlize

a hi ghl y2001pbigtobiok Agingsts2de?6; Wl@@wnéhyrﬂﬂﬁh ehRyenhiete Agrd. Sci.
der i ‘é ti \{Psg%vl%iﬁtﬁ% ﬁ%éb%n&&%sﬁnh@zé BYRin@¥&ue c&at%wc tRRIe§ These

|Ip0p ilic fluorescent” probes may a used. ‘Such fl uorophors and
pr obes apwbmmehghtarh thybwarmbamgc tngthe lgvebrhifiviereseanr e whimhgp diggnashieally
Eugene, ;

S b omo i SEeef e sl ot i 1 oot Bl Ecen AR e greem epge G

(Styren e$eﬁalcomp(2tﬁﬂ® inciude Ialldsttsctalbie mcth¢8y 2@28suh 39 Mt XQrk(1et-bial4’;
hydroxystyrl)-2-methoxybenzene). Other methoxy agents include, e.g., Chrysamine or
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2001, Neurobiol. Aging 22:217-226; and Sl aovonsky et al., 2000, Proc.
Nat!|., Acad. Sci. 20U.S. A 97:7609-7614) have been used to anal yze
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26. The beam 32 provides a plane of laser infrared light such that a cross section of the eye 26

can be imaged. The fan beam 32 will allow for the cross-section image 50 to be formed while
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25addi ng, renoving, or rearrangi ng stages. At stage 112, the

| aser source 12 shines the laser's beans 30, 32 into the subject's
eye 26. The beam 32 provides a plane of laser infrared |ight such
that a cross section of the eye 26 can be inmaged. The fan beam 32
will allow for the cross-section image 50 to be fornmed while the
penci| beam 30 provides focused |light for analyzing different regions
of the eye for distinctive characteristics such as aggregates.
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57, the 34 gna?yzgé'l ﬁlle ?rli{ensﬁy pz?tpe% Eptﬁe pxﬁ'i?gle%Hs (? ideht varjous){'eglons of the eye 26
given known properties of intensity distributions of eye images. The computer 24 identifies the
25 comea 52 by moving along t’he direction of propagation of the beam 30 and finding a large
high-intensity region in the image 50, and identifies the lens capsule 56 by moving toward the
inner portion of the eye 26 in the image 50 and finding the next location where the image
intensity is significant after a large region of low intensity, The computer 24 further sections
the image 50 by identifying the cortex 57, the supra-nucleus 58 and the nucleus 60 regions by
24



24 anal yzing absolute and/or relative intensity |levels scattered by
the beam 32 along the line 62. The conputer 24 stores indications of
di stances between the cornea 56 and the various regions within the
eye 26, e.g., as indications of nunbers of pixels between the various
objects and regions of the eye 26. 5At stage 120 the scattered |ight
fromthe beam 30 is directed to the pin hole 38 in the neasurenent
mrror 18 to neasure desired regions of the eye 26. The conputer 24
sends control signals to the notor 36 to drive and steer the mrror
34 to direct light scattered fromthe beam 30 from a desired region
of the eyealpsng absolhte api/ar tebitive BBensiThisvelo paaticred bR thedetrn rﬁiah@g therlme 62.
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20 nucleus 58 to investigate for aggregates corresponding to Alzheimer disease, other
neurodegenerative diseases, TSEs, etc.. The scattered light received from the measurement
region corresponding to the pin hole 38 is collected and transmitted through the fiber optic
cable 28 to the detector 19 and the detected signal is sent to the comrelator 22. The correlator 22
computes correlation functions to analyze the intensity of received light over time and provides

25  indications of this analysis to the computer 24, e.g., for determination of abnormalities within
the eye 26.

At stage 122, performed during the stage 120, the system 10 accommodates for motion
of the eye 26. The computer 24 analyzes the image 50 to determine the location of a specific
portion of the eye 26, e.g., the lens capsule relative to a desired location of the lens capsule 56

25



and sends control signals to the notor 36 to adjust the angle of the
mrror 34 to accommodate for notion of the eye 26. Thus, the system
10 can provide a relatively stable inage of the eye 26 and can take
measurenents froma relatively stable location within the eye 26 such
that measured light intensity accurately reflects the existence or
non- exi stence of aggregates and the 5type of aggregates within the
desired tested location of the eye 26. At stage 124, the
conput er 24 anal yzes the neasured results fromthe con-elator 22 for
di agnosti c purposes. The conputer 24 analyzes the data fromthe
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intr aveno:uﬁ;d b’@ medhﬁcd to use othét fosmaglentiyy, anﬂInEme@sereZﬁhar sharhdtenmcﬁa'ased
with Ilggt fr rghthe source and the fluorescence fromthe eye 26
measur ed. iNPensi ty magni tudes and | ocations are correl ated and
st or edl, At stage 152, the eye 26 is illuminated and fluorescence measured. The eye 26 is

illuminated with a light source and fluorescence emitted from the eye 26 in response to the
illurmination measured and recorded. The magnitudes of emitted flucrescence and the locations
of these magnitudes are correlated and recorded.
At stage 154, an imaging agent is introduced into the eye 26. The imaging agent is
25  configured to bind to materials/objects of interest that may be present in the eye 26 and is
configured to fluoresce in response to light from the source. The imaging agent may be
introduced in a variety of manners, e.g., through drops applied to the eye 26, intravenously, elc.
At stage 156, the eye 26 is illuminated with light from the source and the fluorescence
from the eye 26 measured. The intensity magnitudes and locattons are correlated and stored,
26



and conpared wi th magni tudes recorded at stage 152, wi th magnitudes
measured fromsimlar |ocations in stages 152 and 156 bei ng conpared.
The conparison includes analyzing differences in the nagnitudes and
determ ni ng presence of the material/object of interest, and anount
of the material/object if indeed present in the eye 26. Concl usions
can be determ ned 5regarding inplications of the presence and/or
anmount of the material/object of interest such as a nedical condition
of the subject such as the existence and/or stage of a di sease such
as Al zhei mer Di sease. Some enbodi ments of the system 10 nmay
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reference point.

Referring to FIG. 7, with further reference to FIGS. 8-10, a process 151 for measuring
and analyzing objects in the subject’s eye 26 using the system 10 includes the stages shown.
The process 151 is performed using QLS and FLS technologies with the system 10. The -

25  process 151, however, is exemplary only and not limiting. The process 151 may be modified,
e.g., by adding, removing or rearranging steps.

At stage 153, an operator may select an anatomical region (e.g., using keyboard 90 or
mouse 92 to click on the cross-sectional image) of the eye 26 to be measured from front and/or
cross-sectional views displayed on a display screen, as shown in FIG. 9. The anatomical region

27



may be designated. At stage 155, data collection and neasurenent

anal ysis begins. The | ocation of the anatom cal region may be
recorded (e.g., via software processing) to mark (e.g., by
superinposing the mark) on all cross-sectional imges at the sel ected
anatom cal location. For front-view imges, a circle may be
superinposed (e.g., via software control) that is of a 5 size simlar
to the pupil in the center of the inage. Sone enbodi nents of the
system may col |l ect 60 nsec of data for at |east one of QS and FLS
for each neasurenent cycle, as shown in FIG 8. As nmany as ten
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anal ysi SintehsitiBof@V6ioagdfom MeRBSH 1Y in(shiatllnse) increme of, Estexpfple SEAARE or Of
a wavel ength of |ight captured by the
less. By collecting light intensities from detector 19 at small time intervals, it is possible to
calculate (e.g., using software) an autocorrelation function of the intensity over time. The
25  autocorrelation function can then be used to calculate the relative size of particles present in a
fluid matrix. In some embodiments, the autocorrelation function may be used to evaluate the

quality of a QLS measurement since the autocorrelation function is sensitive to measurement

artifacts, such as subject motion.
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5detector 19 placed at a certain angle to an illum nation source

(e.g., light source 12). The wavel ength of |ight nmay be, for exanple,
785 nm and the angle of incidence of the detector 19 may be 90
degrees to the line of propagation of the illum nation source.

Measurenents nay be taken in both the supranuclear and nucl ear
regions of the lens of the eye 26. The nucl ear region of the |ens
does not express p-anyloid and thus acts as an internal control
measure. A neasure 10for statistical analysis is the ratio (QLSN.,"")
bet ween the average intensity (ID. Q.s.sN) of scattered light in the
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In some embodiments, the value of QLSwom may directly correlate to disease state and as such
15  will increase with increasing clinical disease state (i.e., increased amount of material and/or
object aggregation in the eye). That is, if scattered light intensities increase over time, a
potential diagnosis can be made, enabling clinicians and/or physicians to track the progress of
disease in a patient by measuring intensity levels of scattered light reflected by the eye. In
addition, increases in scattered light intensity may also enable clinicians, physicians and/or
20  researchers to monitor the efficacy of drugs for a disease in clinical trial settings.

With regard to FLS, measurements may be taken by collecting counts of photons at a
fluorescent emission peak and excluding other wavelengths by, for example, band-pass
filtering. Exemplary compounds for binding to B-amyloid proteins include without limitation
Methoxy-X04 and Methoxy X-34, which have peak absorption spectrums of 480-520 nm. By

25  collecting light intensities from a detector 19 at small time intervals, the system 10 is capable of
calculating an autocorrelation function of the fluorescence infensity over time.

The average fluorescence intensity over the measurement time in counts per second

may be reported by either visual display or printing. The measurements may also be analyzed
29



The average fluorescence intensity over the neasurenment tine in
counts per second may be reported by either visual display or
printing. The neasurenents may al so be anal yzed 29 separately in
spreadsheet format. In sone enbodi nents, the primary FLS neasure for
analysis is the average intensity (IDrLs), in photons per second, of
a wavel ength of light captured by the detector 19 confocally aligned
to the focus of the FLS illum nation source (e.g., light source 12).
The wavel ength of light may be, for exanple, 480-520 nm Measurenents
may be taken 5in both the supranuclear and nucl ear regi ons of the
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reseapchers to nonitor the efflcapggof-dbmgﬁ_for a di sease in

clinical trial settings. Addltlonahuﬁﬂbodlnents may i ncl ude
det er m ni t he difference pet the uorescence
i ntensit ;“ %1"? COTROG R ﬁﬁeé'f’g'ﬁ 1"“ BH ¢ elpleigrdiseasestate ndgs sgpp

to the ewgll 2RrcaOMN RcBRe0d tflin@d‘&] diyeasd Qigre @1}63 n2cﬁedied’arﬁ¢dn§stof%tenal and/or
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eye into which the i'maging 25 agent nmay be introducéd is the
supr anucFtigal freshpeitingst the lens of the eye 26. Wen the eye 26 is

| 11 um nat ed Wabiiiigha LGbEdiREME ﬁm%¥ #xﬁldﬁ@%ﬂeﬁﬁiﬂﬁﬁ‘ﬁ{e it R tedvdeh 'tHerlﬁéLbﬁ}gd

Agent) of fluorescence emtted omth 6 in response to the
i |1 um naflrescargs ipfensity psgr @@dmstra@emﬁ@umagmg@m (e.g., ligand) to the eye 26.

20 More specifically, the eye 26 may first be illuminated with a light source and the magnitude of
intensity (Igasetine) of fluorescence emitted from the eye 26 in response to the illumination may
be measured and recorded. An imaging agent configured to bind to materials and/or objects of
interest that may be present in the eye 26 and configured to fluoresce in response to the
illumination may be introduced to the eye 26. One location of the eye into which the imaging

25  agent may be introduced is the supranucieus region of the lens of the eye 26. When the eye 26
is illuminated with a light source, a magnitude of intensity (Iimaging agent} Of fluorescence emitted

from the eye 26 in response to the illumination may be measured and recorded. In some
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enbodi nents, a neasure for statistical analysis may thus be the
difference (Toirr) between these two intensities: IDIFF = '1Inmaging
Agent - 'Baseline In sone enbodinents, 'Inaging Agent may be the
measur enent or nagni tude of intensity of 5 fluorescence emtted from
the eye 26 within 24 hours after the washout of bound agent has
occurred. Furthernore, in sone enbodi nents, the neasurenent may take
pl ace in the supranucleus region of the | ens of the eye. Sone

enbodi ments nmay include additional measures for evaluating the
accuracy and utility of S and FLS neasurenents as_neasur

bi ol ogi c&Mmbesiments. A Measere fenctamstieal anplysisToay- Ay ks the dlé%tfaﬁ%ﬂafrféactwiert fgse
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address the p033|b|I|ty of f al SwrAFobistiizwenolsgienf | i cting results
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decay ti pRypRREde horeGai¥TR)E melit &'cﬁd&@de}b%@esﬁﬁﬁ (e nussffdideadentyyiehend that
deterntnatlon of di sease 25state. Mor eoyer,

embodi mefES maypeevideasentitivemeashig forBR BieSIICH Pr ahserics OEB aﬁty"@ub@ SEECIEG

msec 1§J—Snfaﬂétr FER RBASHE 8RBALS Tha chibitkd MbashAONBELd ¢hldWRAGH Hs SNEbAREST
group). Each measurenment group may be separated by a 30 nsec inmge

ach|S|tﬁEﬁNt@3Qkﬁ#$Namthe | ocati on of

N, =QLS,,,, x FLS

Norm Norm

In addition, linear and multi-tau autocorrelation algorithms may be employed in some
embodiments to graph intensity data across a specified time period for operator interpretation
20  of measurement “quality,” Previous clinical studies of QLS have found that the correlation
function is a sensitive measurement of motion artifact during data collection. A curve may be
fitted in user selectable “fast” and “slow” regions of the correlation function based on the
equation y(t) = Ie™ (e.g., using software), where [ is the average intensity (amplitude), k is the
decay time constant (gamma). This analysis may be useful in the determination of disease
25  state.
Moreover, in some embodiments, each measurement may consist of up to 10 groups of
60 msec QLS and FLS measurements (a total of 120 msec in measurement per group). Each
measurement group may be separated by a 30 msec image acquisition to define the location of

measure. The combination of images and measurements may define each test. The tests,
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measure. The conbi nation of inmages and neasurenents may define each
test. The tests, 31 including average val ues, autocorrelation
functions and i mages, nmay be reported to and eval uated by the
operator. A neasurenent may be anticipated to yield at |east five
accept abl e nmeasures to be included in the data set. In sone

enbodi nments, tinme course neasurenents for the initial pilot study may
be 5 reported as an X-Y scatter plot with tinme on the X-axis and each
average intensity on the Y-axis. In addi tion, average and standard

devi ation J,urqlr each suti{lect and s, at c}ach time point will be
r epor t ed MHEPEAYFTaBR Yl pitpcpyTe SHANN ARG BIIBEMTRY bFﬁ%POéFE%FOI @t i on
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10t est et hodf sohd? e BBBInRAROGHIBAS: m&a@@l@méﬁtpr&%e lml Rfor k) &qy 1% th

both QLS and FLS w t hout an inmaging gent data nmay provid

control faprtedasrar{-doisatisr piet @_ts twmu @?feqansSanfi @aqhmmprﬁge miasineen tihgh’ of
the agenﬁxm An BYRGS) ‘§§ér§%é ahd sflard DSVIAREThr é‘é@ﬁ/ Fet, ahd gr%h%sqt §ach time point

measur enents whi ch remali n consistent t routjhou
cour se ofvilkbasperiade fihg optomaltneiar meawimsant follpwitaphaahphication of hrelmagmg

i magi ng Phaas bat t

sup; ot s ey et b Hen MRPMBIARR cobvidss AN premetlcpBello PRGN R BRI
eval uat eb@tme@l npenal Efndtdlastasrefgecr@ﬁc@hls belewrtheals umhmdate@mmsho ataddardize
mﬁttht kgﬁﬂ% ;Qagent. The system 10 has wi de applicability
for differen agnostlc pur poses. For exanple, the system 10 can be
used as descrinsenie ambvérrteutsd@t:bsuh]afwmag be agadl withboth Qi sgmiogishgithout an
various 20t f.dl sease or o es within a
subj oot . Mee e, TS 3R Ry Gro Rl ipplt 5P e fing B VIR QLS iR ik

dept h of fcalowutg @phéaﬁomyﬁth‘é agentsehypotlealk éxcthatnig: agest gy wft aﬁi&bt QLS

i ntra-ocul ar a an artificial intra-ocul ar

| ser t eamempiRls Qi) Boftedha St sFoushily & BRe i Bt Spchintor
used 11;] 0 pehfsetjeotihdzpamithosf th hagidohQert stafisnN §lcadb aalesd dTEHISom Withirlked of
anest hes

i IR BTN NIRRT
syst em 1for difRy@¢ ey betwedl QIEY hedsiiendth\vhd RaHbutifgirngehhesi a, thus
i nproving the _quality of neasurenents. and. diagnostic results from
such nmeasur enBltsystem 10 has wide applicability for different diagnostic purposes. For example,
the systern 10 can be used as described above to determine aggregates for diagnosing various
20 types of disease or other types of abnormalities within a subject.

The system 10 can further be used to determine the depth of a subject’s eye for use in
selecting a size of an intra-ocular implant, e.g., an artificial intra-ocular lens, to be inserted into
the subject’s eye. |

Further, the system 10 can also be used to perform FLS and/or QLS without using

25  anesthesia. The use of anesthesia on animals inhibits the ability to perform QLS due to
dehydration of the eye in non-human animals under anesthesia. The system 10, however, can
perform QLS without the anesthesia, thus improving the quality of measurements and

diagnostic results from such measurements.
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In sonme enbodi nents, a light source other than the | aser source 12
can be used. For exanple, the light source may be a broad-spectrum
| i ght source that is essentially omidirectional (e.g., a light

bul b), and/or that can provide a fan beam and/or that can provide a
pencil beam One or nore |ight sources may be used to provide one
type of directionality, or 5conbinations of different
directionalities. Further, one or nore energy sources that provide
energy outside the light spectrumnay be used in conbination with an
i magi ng agent that responds to energy outside of the |ight spectrum
For exanpl e, &hsameersbedinagisne lisspurcoethertben the lesersewnge hélgant s used. For
m cr owav hOli i ) - . L ple
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{
focused on the mirrors with a slit, on each 174, 1 by the second

field | ef@nespbosdipentnef the bimension, whighinspinclude pne gramorggnd nseferaply ally githe

i nci gent fdll%%hg‘?ﬁﬁ@ht%ﬁﬂé@'iGﬂﬁoptwsJMng%%&n{ 1¥4041840r St SikldlieRBs AR
mrror to a %S and FLS detector 180, 1 respectivel east

. 25At |
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light may be directed fromt mnors 174,176 to the caner as 1882’,
184 r espeed 3 opithalmerdopentdfe Thok seheamplingtitlemisatidn agdtimaging $isteor Efcendes
regi on r Q\ adlﬁﬁl t , t SO
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5and st orespdctiesly.in files for analysis (the files may be anal yzed as

pr ev'hg) usly di Etc llegs% 819 of tth(?etectors 178, 180, and preferably both can output to the
autocorrelator 186 for analysis. Other portions of the scattered light may be directed from the
mirrors 174,176 to the CCD cameras 182, 184 respectively and images of the scattered light
and fluorescence region may be provided to the computer 188. The computer 188 can also
receive correlation functions and intensity measurements of the light received by the correlator
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opht hal nroscope 190 nmay be a standard ophthal m c head and chin rest
for humans. The entire optical platformis positioned to the eye 168
t hrough a Joy-stick control (for exanple). The range of notion is
preferably sufficient enough to make measurenents at any | ocation in
the anterior segnments of both eyes. Custom hol ders nmay be adapted to
or replace the head and chin 10rest for various animal studies of
primates and rodents. The light source 162 may be configured to
provi de a polarized | aser beamwhich is preferably focused through a
set of lenses and the ogtlcal scanni ng system 164 to produce a

vertical #aRrosessthesonelaen fungyinas gd kensity mpaspreaneatsto mrfqmabmleﬁlcaﬁés to
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traver se vérieal tfﬂﬂlﬁﬁaﬁﬁoﬂlﬂgﬂﬂ‘@ﬂe@ﬁhﬂﬁ@ﬂw%ﬁ&ﬂﬂ laprediftt ehat 1he opfiéad EdaRkin
segnment of the eye 168 begg&e&% 1-2 mm (for exanple) in front o% t he

cornea. VMR !%4 mey vilizeag rﬂlffvaqltd%fgh%ﬁséorgv ing 3 lpgareweeping

enbods Mefotioh {16 atl Bt %GR tBE Yage)bdth&Uacht BRssloh Al ﬂhb BSjectPldHE |o?th@éf§§ ﬂat
scan tinmes of 16-33 nsec (for exanple) through the 'eyé can be nade

with a vEfldilensil6pan beam of 1ight. The focused vertical fan beam of

l'ight may beafd fig: @art%%fd 18fs I%@Nlﬂ?ﬁl‘l BB 8bnfain AW pte lem&mtgtlglprpﬂérably

| ength) at the imge plane 169. power requirenent 1Is chosen to be

eye saf efiltibaijan angle biseden th@ﬁﬁhmpﬂmgn%ﬁw cratel cidvg dnegeadancothaimkesa
safety. Jdh& %ﬁ)@?&:‘alérla Jahd %9qwoﬁ@§w%mteﬂ&yse?|ﬂerﬁ%@ g)%&g Sgéj'ft%r The

di sposed to Image the scattered | t at, for exa rees to
t he B®neardle ef igtidengndl B ilbboynatios lwm&rabé,s‘b‘iedﬁgrqes)tqthehmq ¢fu:rghnaf thopatizst.

sect | onal TorucarRERE Sk 188 SCAERBRBR I BObFHLRR 5080, o,
may cont antmombgmtplt ef thepg @8e fbatsgle nﬁgonbegttncb sleshldalve fainlyastgh so Hmsihe
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focal region within the cross sectional plane 169, but also insures that the light exiting from the
25 back of the natural lens is similarly divergent and of low energy when it reaches the retina.

The scanning system 164 is preferably used to traverse the beam of light 10mm (for
example) into the anterior segment of the eye 168 beginning 1-2 mm (for example) in front of
the comea. While specific measurement values are given in this embodiment, they are
exemplary only and not limiting. Single pass scan times of 16-33 msec (for example) through
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10 which preferably coincides with the inage plane of the
illumnation 169 of the patient's eye 168. The di chroi c beam
splitter 172 may be configured and/ or di sposed to pass the excitation
wavel ength of the laser to a front surfaced mirror 174 with a slit
aperture (for exanple) in the surface of the mirror. This preferably
is the image plane for the QLS detection. The angle of 15 incidence
of the imaging is preferably 45 degrees to the line of sight of the
patient. The Q.S may be detected at the CLS i mge plane through a
slit running horjzontally (left _and ri in the plane of the
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20 computer and monitor 188.

As the scattered image of the light fan beam is scanned across the slit, QLS
measurements may be made with the detector 180 and autocorrelator 186. Sample times
ranging from 50 nsec to 50psec (for example) may be made during the 3-33msec (for example)
scan. This allows resolution of a few hundred points. The information may be read into a file

25  and analyzed by the computer 188. Alignment and summation of the cross sectional structures
may be made through software algorithms.

The CCD camera 182 may be disposed and/or configured to receive light reflected from
the mirror 174, The CCD camera 182 may be used to disqualify large cye movement, adjust
for slit movement in the image, and show the cross sectional excitation image of the eye 168.
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Fl uorescence Ligand Scanning (FLS) is an inportant second tool for
determ ning the presence of anyloid aggregation. As the vertical fan
beam of light is scanned across the anterior cross section plane of
the eye 168, the ligand's flouresced |light nay be i maged at 45
15degrees to the line of sight and 90 degrees with respect to the
excitation illumnation by a flat field lens 170. The field I ens 170,
which may contain nultiple lens elenents, is preferably tilted at an
angl e based on the Scheinpflug rule to create an object plane which
coi nci desywi e.plane of 't IIumna on of the patient's
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The ocn, SRLAGHIEEEsd-fol SRR Yidhe bR bl B HERIR PR T Db frieed 4%
adj ust f degredsitd thamneufmght lamd chéegrdmg;eth re@elctsmm\a/eidi%ncx; mlsmrl]ﬁaﬁﬁﬁ bpliﬂlat
em ssi ong i e he canera. 18 e further

connect eff® @g?ﬂzé c %@Fﬁ%ﬁmig& a’;ﬂ&%mfﬁoaﬁ%‘ﬁ{@% vleqenis s prefsabiyn
to the cohgidter addSbasedion thi ISghduhﬁﬂllgmgﬂS cﬁ&tetah@bﬁymé&avmaf coifcSdik aNth

Ch d
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imaged off a dichroic beam splitter 172 that reflects the emission wavelength of the ligand to a

de

20  front surfaced mirror with a slit 176. This is preferably the image plane for the FLS detection.
The angle of incidence of the imaging is preferably 45 degrees to the line of sight of the patient.
The FLS may be detected at the FLS image plane through a slit running vertically (up and
down in the plane of the page) with a width preferably on the order of 50 to 200 pm X 10mm
(W X L) to maximize resolution and efficiency. A detector 178 (preferably a photomultimplier
25 tube) may be behind the slit where its signals may be delivered to the autocorrelator 186 linked
to a computer and monitor 188.
As the scattered image of the light fan beam is scanned across the slit in the mirror 176,
FLS measurements may be made with the detector 178. Sample times ranging from 50 nsec to
50usec (for example) may be made during the 3-33msec (for example) scan. This allows
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10 Conpl enentary met al - oxi de-sem conduct or (CMOS) devi ce. The
FLS nmeasurenent is a |line scan through the cornea. In other

enbodi nents two di nensi onal scans nay be nmade by scanning the slit up
and down across the cross sectional image or by placing another
scanni ng devi ce between the object and i mage planes or by rastering a
single illum nation point instead of the |ight fan beam 15The
caneras 182, 184 focused on the imge planes of both the QS and FLS
i mge planes may provide cross sectional and fluorescence inages
respectively. The caneras 182, 184 may have frame rates of 30 to 60
fps (for "ESCAHHIRES 2 foxyjbmndrestnsinity | Thei infoemation n@lydeaerd iftoS filk ktidsanialyzédiey
mrrors Itk éeomphfee i LA St i es, these | es
provi de feed%ackrﬁﬁgogﬁg%#%ﬁg% sacc%gﬁgﬂéegm%%%g%g%ﬁng aﬂﬁ%ﬁ%??ﬁﬁ
(bl i nki nghropgh sdhwarrcdgariiemaccur acy and 20 precision of the QS and

FLS neasurene ' ' . ystem 1 be . usjn
cust om cuvet t g{g ° ﬁcﬁj‘éeagg\%maaft gr?q@?}ﬁeo&%%%se?rags oh %@%W%ﬁ%@?ﬂp&q&t retlectéd from
concedt r dh¢ BiEor dF4.sPeeE €D camerad B4 frey bausclita disquaiiéy REzcoRy mdGerhidn| au_r@d .

Initial i i e Wt square cuvette rotated preferab
4n ooy o 8t SBHBYGRh HBKe Esal 1o oRod Bits SobHEhA Bt SR empie At e d

cuvet te dihe cpeerpdhdimay bafurther dongedtaioio then@miphier 88 @idi cORR RPedB rovide

out goi ng ; ing. AdditiqQnrally . a second type of cuvette may be
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pr ef er ablcympytpr B8i Tt @odshzectdailnameniithyttie Cht@HToupRDVRBSCCHS: | Nner
nd the quter tube nmay be filled

t ube yde filled with mcrospheres

with ]\;\'/Zt é:?’ .mpiemen ar}ﬁ@?tépf’i"’ﬁﬁ“sfa'ﬂi‘?q@?@cmfgcmqsﬁ deYifs her reference to the
FIGS. 12 and THe FES hieghitense@ifista@ine BenINSLEMKE 38 &L AR bHeP Snb QiR Lo
enbodi rrepts of the invention, which may include one or nore 37 (and

pr ef er abCRegFPal seans may g magapby seanaing thestit ppandrdopngriossibe eross sLoionah
first | eisag2@tby plating ShothreBinAing deeREb&RLd the6bj2Q%nd ﬁlﬁ%@?%gs (!g S .

203, a second |aser source 204, ‘a first m croscope objective ,
mirror 20SeNEE B PRl ilupgatipoing insiced pétha ligktfan beaieam splitter 208, a

fourtth | ens 2% catherRG8Nd g0 SESHAE j i K bl
211, a detector C2126, a I’er??ﬁ(r;%lgnt 21z%ag€§%f¥§?f%%%5th@gtF%P§Ef“%llerh%c

216, a t RIARE TeRYCHP B CcBEAestingpl anddluorscenceimapstrespoetiely: TR T8pems 182,
o, ek € s S0 L M RedR P B
second | Pliin the miregrs YP4 17Giaci as fidweiaknapress therigeges2BBse imagas psoiib- featbhck
B T L Tt T C—
of | & er prepigian of e QLSrand FlBjresesirsments .
Calibration of the system 160 may be made using custom cuvettes filled with custom
microspheres. Several concentrations of spheres and different size spheres may be utilized.
Initial calibration may be with a square cuvette rotated preferably 45 degrees to the line of
sight. This ensures that the faces of the cuvette are perpendicular to the incoming illumination
25 and outgoing scattering, Additionally a second type of cuvette may be made with a tube within
a tube. The radii and their positions preferably approximate the cornea and the interocular lens.
The inner tube may be filled with microspheres and the outer tube may be filled with water.
Referring to FIG. 13 with further reference to the FIGS. 12 and 14, a light scattering
system 230 according to some embodiments of the invention, which may include one or more
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10Li ght scattered fromthe eye is focused onto the first and second
detectors 212, 219. The first laser light source 200 may be
configured to provide a |l aser beamthat can be directed to the eye.
Preferably, the laser |ight source beam has a wavel ength of about 780
nm Light fromthe | aser source 200 may be focused through the set of
the first lens 201, first dichroic beamsplitter 202, and second | ens
203 to produce a spot of light that inpinges the eye. 15 The focused
spot of light is on the order of 50 to 200 urn (for exanple) in

di aneter ,at, th e.. . The power requirenment may be chosen to be eye
saf e. Rea(?ndtl?rﬁfg a%vaélﬂ ofihnifellowingy 2dist laser light muwr%)@edﬁltsbleemmju e first
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exanpl e) 20%&5&%@%9&@5%@5&11%%‘16%5 ﬁzfgi‘ @éec@?z rrgs%{qhgm“ a

| aser source 204 may be us acco
fr om $he mosaed Ss%fiﬁltbn?bkﬁ, nﬂyrdtrbclirmc bs&mi slitteozigha 'S]Hteapérltl.[rs D187laGE96 0pe

obj ectiv 0 croscope ective 205 may be

noved out% etg?éli tg Ecl)%)ét&:cam 50?5%‘%%%5?1 ﬁra%%;n ou’ﬁmfoe@ ﬁ%"%l‘ﬂm H‘E‘é‘]‘?éarﬁ

213. The fqtéﬁhﬂhd’lorl@bemmH)lnmaBsesq:ten@bglﬁﬁﬂten/ﬁ@@ﬁarﬂﬁ@d@&ﬁﬁ:@t 225, a

col I'i mat i, ns fafcus 0 atthee

ol 11 mat Sps P Highintl O3 676 gt v sRERRGH B 277 and & ereoielie

i ncl udes phtfplinam Vieheasfstan 230 is conf' gﬁFEtEtor‘ébﬂid’ vamsg OF1a5& YighCinGné ktﬂ)}ﬁc?geye

and/(i» dL 9 g &Jfref ect tEO?i ht g WIAI m cr.oscope objective

205 tplr RETPEHEMIB7eYedt flg’nﬁ‘é ’§b‘f seeond d?@%“”’sﬁd% Ad | ens

203 to pr oduc"éhesﬁrmam tht&pﬂ’t:e 260 tb@ghe cdnfigired tRIrDE8S a 136 RYS that Ehfoe
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ref | ect edTGFF B PRl GIE % lée lpses freladispyeee earhes apyavelgpgth ofhgbout 780 nm,

m crosc opghobgnﬁ Gid M€er 8ce 200Gndy HetfBdusédthrdugh tHRQe CHRCH QL lelgslﬁ)l first
detector 212 is photonultiplier tube (PMI) type

Prefer abI e
det ect or %ﬁ‘?’r‘fq’ia'ﬁlsﬂlﬁtﬁﬁr@%\?@ﬁi S‘FCPE‘E) 5&%?931}9@""#"}%%# of light dhat impiegss Hie eye.

det ec$ or Shemyusee spis 0fllight IeorPiRe bidef §f R0 b ﬁmﬂé‘?‘%
i mge pl ﬁ]gee fL(l)r tslilbg FligS det ection of ttoebfglgt(%%&d%) ﬁ% aﬁ@%Eﬁe

shown, RAY{eE Eqapfremeny Ty grhasen fnbaseygugfehReal élmqmwanmmtmg may be

aut ocor r@b%%tee%glsme%gﬁty n FIG 11) linked to a conputer and
nonitor (e.g 188 in FIG  11). The |l ens nount 214 nmay be configured

to hold the I'Hiseond I@ﬁdlgﬁw%@ W teaythedoniggurdveto prvide 2lar badmethat can be
focused §RRteddd thle'e?@'t P@feka@!}n At lﬁ’ﬁr a%l‘ﬁ %&r@e%e%.@ﬁﬁgg g\la@élgﬁ Ry By{b%% tﬁ)gd'

may be 10 scanned through the e prefe degr
| i ne2Q>f dorpemple). t ldhqrxemplary tfy menmltaﬁonthgm frot dre 12&bsontieio4 my be

b f bl
e ot o e SR TS RNt LM R HE Lo Duter 20T TR TR of

the nmotor 215 ca €ns al“on
t he |i ghthraygiathe firstenignosesgre nbjectivet268, tb érnsnmyzmﬂﬂangemt:imecdpeebjecm 205

focus a'}qamm&?eﬁ%lu{ of tHle Bﬂ%apﬁéﬁ?gﬁﬂ Of ttﬂéa usfe% g?n%ghanps% 21%]: 'llhegemoval

of the microscope objective 205 produces a collimated beam of light instead of a focused spot
25  attheeye. Collimated light is light having rays that are paralle! and thus includes a plane
wavefront.
The mirror 206 may be configured and/or disposed to reflect the light from the
microscope objective 205 through the lens 207, dichroic beam splitters 208, 202 and lens 203
to produce a focused spot of light that impinges the eye.
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15Choosi ng a focused spot to inpinge the eye creates a cone of |ight
within the eye, maximzing the light intensity at an anatom cally
desired location for fluorescence neasurenent, while allow ng the

| aser energy to be dispersed over a wider area of the retina, which
is positioned distal to the lens of the eye. This design allows nore
power to illumnate the region of neasurenent, while maintaining "eye
safe" levels of illumnation at the retina, 20 which is prone to
darmage from excessi ve |ight exposure. Speci fic calculations for
eye-safety are defined within ANSI Z136.1 "Safe use of Lasers.
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l'ine ofs g? ees wWth r ect tot pat h

i 11 umi naP ﬁ‘ﬁoig g F"i‘“ﬁ f)E’Qﬁ?’f‘?‘Bﬁf ﬁ’ﬁg ens g7 @8"@%@ ax‘THEthF’lhgbtl‘PeP@ng h916

may f ocumobéifiert bfiht 1B nfylchhgk Md 1dcdtiof BF fcGs £@aRaySBdultlih e richEmedi VT the
third di f.hrm C be ?gspl itter 217 may reflect the light onto a slit

aper t ur e S¥Ed SRYQLUBRY  aperture 218 may be configured to all ow | ight

to pass throughoosing aBscuseroV@dml Mlgéh@e}@cé%ws’onfé%?ﬁg&t%m%l&ee gl s
may be the jmage plane for the S det eCtion he an i nci dence

of the i FRayPHgng e bighy iptentimat amanpioypisally cieélrwecahm@r OESISeES of t he
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200pm X 1Om (W X L) to maXxim ze resol ution and efficlency. ough
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The 3@at whichdf prorefe damagenfcor exdessivrelight msm Fspcaﬁq edcgtians forslyetsafoly
the slit,3Reftd ithin ANSI Z136.1 “Safe use of Lasers.”

As the focused spot is moved, in discrete steps (preferably), across the lens of the eye,
the ligand’s fluorescence may be backscattered and imaged back through the system through
the lens 203, and the dichroic beam splitter 202, to reflect off the second dichroic beam splitter

25 208. The light reflected off of the dichroic beam splitter 208 as mentioned above may go
through the lens 209 and may be imaged to a point by the microscope objective 210 through the
light filter 211 to the detector 212 with a pinhole over its aperture.

The signal collected by the detector 212 can be used to perform several analytical
techniques to describe the fluorescent behavior of the region of interest such as autocorrelation
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218 and the detector 219 with the notor 220. Q.S neasurenents nay be
made with the detector 219 and an autocorrelator. The sanple of a

di screte location / volune can be on the order of 30-nsec (one frane
of video), then the optical systemw ||l scan to the next anatom cal
20 |l ocation of the eye for the next nmeasurenent, and so-on through
the anatom cal region of interest. A preferred nethod to neasure from
the Il ens capsule to cortex may i ncl ude taking nmeasurenents in

approxi mately 33-nmsec "steps" accounting for approximtely 50 to
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Aut ocor r SFEgierafieR % cliypref k) WeANQFORFIawE R g-nPotin EIG. alsiﬂ hdﬁ:d tfshow
corrpq)jlentcﬁnmertah@n}ohMt(egcqaggﬁrpmglgnal yses may be made as well as
esti mates of _gmrodynamc radii groxy for nol ecul ar size and

mol ecul ar wei GiftSFattsEsd iage oftbpighiocan oye bastanned hydrinolating thb elit@pSiture
measur engrg an'd?theadeltécﬂf’ 2$6 @th Y RS L F0D &G0 Qa%ﬁreﬁéﬂé %g%adQ%ﬁq‘%ﬁ‘

filters may §)I aced within 15the opt pat nce si gnaf]' to
noi se ra@‘it‘E?tQSfZI Aed dequicpaelator. ghlzd sample Ofa di‘dtre%twoclailow ev&uazlewgmhem the

330 10 & DA TRt s %‘ﬂ#ﬁ?"fdﬁfﬁ" 848 R B PR R PRl G

coar ¥k ylogatiogef thesypor thermext mM¢rsunengni, ancbmb -oni tlmvugh ihg IamﬁmhlcabtﬁgbﬁOEZZ
may be ca u Qyjide 20a i ew.of th

ot ent - St A BB mSlRllS Sita e RO Bp o Qoo Ginay i eliof ainky
224. measmemgmtmmmu:fxmatalys’sysnsam"ﬂaﬁ" mmhmgd‘mpwidﬂﬁtelg}w -t@Emotifm

control E‘J?’?r% Qp t| a% 230 .to the left or
1
eye, up or & e[HlE?I'eJ 1|1 glee % i eélr%@ﬁ ﬁan}”lr iS4 ic‘)l&’r’?’e ‘stpéo"teﬁset%’&‘f‘fré?ﬁ‘ch%‘y
t he oper%glmﬁcauseyn@cafemems(é@deﬁpm bat bigih@Re SyGégM 226 that projects
ots th er%\{sercl’ ]a%l. g)(l} ot her on t e apex of the cornea centered
on t e iris. TS S0 It 35 [phow many times t 1§ process may be employed in a single QLS
measurement session, so a measurement could be as short as a few millisecond or as long as
10's of seconds (for example) with repeated "scans" of many "steps" through the eye. Sample
times ranging from 1psec to 200psec (for example) may be made during the scan. Scan speeds
may be varied to capture the different anatomical features of the lens and post processed to
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25i I lum nated with colored light emtting diodes (LEDs) that may be
visible to the eye and to the alignnent caneras 222, 227. An infrared
(IR LED illum nation schenme may be included to provide additional
illumnation for aimng. A narrow angle target 225 nay be confi gured
and/ or disposed to be reflected off of the beamsplitter 223 and
through the filter 224 to provide a spot target for the patient to
fixate on 41 wth his or her vision. The target nmay be backlit by a
red LED. The focus of the target 225 nay be adjustable to account for

the patient's %IO tric correction. The spot_ target subtends )
appr oxi met &y &‘F‘E‘a’és Herjo gyaricty plrepsens walud Wﬁ?‘e%h%ﬂﬁﬁéﬁrmlgtoasses

and the Eadfcgtﬁs &QSTWf&ﬂatﬂﬂﬂlﬂ@&@emnWﬁ]% aRP e g@:led BY flel8mpRQVer

prescrlptlon The magni fi ed vi éw canmera 222 may bore-sighted with
the fixatt tﬁﬂmﬁatr?’@étsuwstl?Ibof;}hwpﬁéetawp?léﬁpcwewazzbe medathrovighisofware
optical amosithds. t he eye. | The stereotactic platform 228 nmay be a
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propes| yﬂﬁlwﬁeihpﬁﬂ&@&ﬂﬁﬁceﬁgdlaptﬂhbﬁé mtbmf&earefeaﬁaei@ﬂt can 20supply

sufficient i1l ation w thout re UI“n%Fl aser illunm nation at

| evel s whi ch l?eew §i/1e Alignugpteamera 227 may ﬁP%ﬁ%‘qui‘P#ﬁlPéde%wﬁﬂ align the
confi gur ﬁﬁste@ﬂZSdl@Ta@ad&ft’@‘é?l@ I'Phehrhera2b9 niEAlIBR RIREIRY GG bRoRENT AN Be

nunber of peasurenents e collimated pencil beam nmay be positioned
across t R¥efens of the eye, and the ligand s fluorescence may be

backscat t er edrignHagdniRas e atdanicht @M ?ﬁtrﬂﬁr &Vc%hﬁéﬂré@bd: disposed to provide
measurenents at the detector 212. The lig | or escence 1s al so
emi t £&g a magnified view of the patient’s iris as viewed through the beam splitter 223 and a filter 224.
Alignment of the system 230 may be done under Joy-stick control moving the entire
optical system 230 to the left or right eye, up or down. The device can be manually aligned to
the patient by the operator using a crossed-spot alignment system 226 that projects two spots
that overlay each other on the apex of the comea centered on the iris. Targets can be
25  illuminated with colored light emitting diodes (LEDs) that may be visible to the eye and to the
alignment cameras 222, 227. An infrared (IR) LED illumination scheme may be included to
provide additional illumination for aiming.
A narrow angle target 225 may be configured and/or disposed to be reflected off of the
beam splitter 223 and through the filter 224 to provide a spot target for the patient to fixate on
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in all directions, and can be inaged at preferably 45 degrees to the
| i ne of sight and 90 degrees with respect to the illum nation beam
path by the I ens 216. The light may be inaged off the beamsplitter
217 onto the slit 218 with the detector 219 behind the slit for QS
measurenents. The signal collected by this detector 219 can be used
to performseveral analytical techniques 42 to describe the
fluorescent behavior of the region of interest such as; performng
QS at 405- nmsimlar to the measurenent done at 780-nm when a

405- nm nar. ss filt | aced di at el rior to the
det ect or, LOI? E &S0 gﬁ E‘F S ep nge'%)iﬂﬁd - The facug afthe Brgrs 425 t o
perform fﬂlayafeaaﬁ@uamect@ﬁdcehxﬁtfame gﬁi@ﬁtt’msﬁﬁ@yorr&ﬂgn Rk %ot'tzgg&@%t s

and/ or aver age mtggsm over known measur enent period-can
per f or redPP'8 Watsine degess I%I’%jn‘é‘F Pplispbmay mve dieirlaseqs and hedinget 33@ may

made in H)Elaajuﬁt@(ﬂfo' tB&1F ASrhiQ Adkrlafe %@B%&Fﬂﬁoﬁt’ﬂlem Wikl enfef 25%%2 may

sel ect.i on. In other alternative enbodi nents, e system

be uséd 16 bawrsightedirigh th Gaptiondeget @éé%yrowaﬁé@nbwﬁ‘stcb@slabwh the optical
l'igand, akisennagyan alternate nmethod to isolate fluorescence due to

| i gand from ot her fluorescent sources, such as |ens autofl uorescence.
This can be adbostpEetatisdlafinm 238may bsy Stzlndméppighairrmﬂﬁndmhch@m resiofor ce
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avoi d t hmvprgeue micadmlcq:-eacrmechacmi wigh the ieehanidim ES VKIS c4ihe dfated

enpl oyed ut er. a ri can be utilized that ni ze nmotion
ST aot DaeAey R A E‘Svf?%%vab?ﬁaﬁa%%ﬂﬁcepescewmfi%g?rn theRptical path
slit4banpf mangmta"mazﬂac h@m Uik e hiRGvsttheexcRhtiini 118t ROGithd rcd Qoi to be
measur enent }j n@ rgl atlﬁ Slf-“@ t o _anatom c_structures, by

eval uat | GTUSP 2 polkimaEd & in thg3githal celljmation plawgr quality 1asers can
char act ebé sdcbmphmfed B}BtHeQﬂdlﬂﬂn bhd rdﬁeia@lébmmatmgo tich HEMRNChRBR AR AMAO
avoi di ng @ grtlf due t o heartbeat, %e to synchroni ze data

col | ecti 8% PEng qrdight Ry trngmgt t]i‘fat‘@ P CYRARAABPINge s afeltatively

50- 85 beadigmped spbt Hﬂﬂh@rf{tﬁﬁ) Myvith BrtipeifREhoBSF&8R ok 2Rd BRI, this GARERnRAt can
pat hgl ogi c tacpfycar di a. By synchroni zi ng 25nmeasurenent to the rest

peri 68 bEtPREEHTTist éluntnpﬁtlgn Ffithpytequiringlasse illwpvinatien at levels which are not eye-

safe.

In this collimated beam configuration, both detectors 212, 219 may be employed to
perform a number of measurements. The collimated pencil beam may be positioned across the
lens of the eye, and the ligand’s fluorescence may be backscattered and imaged back through

25  the system for FLS measurements at the detector 212, The ligand’s fluorescence is also emitted
in all directions, and can be imaged at preferably 45 degrees to the line of sight and 90 degrees
with respect to the illumination beam path by the lens 216. The light may be imaged off the
beam splitter 217 onto the slit 218 with the detector 219 behind the slit for QLS measurements.
The signal collected by this detector 219 can be used to perform several analytical techniques
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Met hods to synchroni ze neasurenments to the rest periods between heart
beats include: i.Placing a heart-rate nonitor on subjects and using
subj ect heart rate to control start and stop of data acquisition, and
to cal cul ate the nunber and positional distribution of neasurenents

t hrough an anatomc region of interest. This could be done using any
nunber of commercially available heart rate nonitor signals or custom
built. Building a heart-rate nonitor into a conveni ent
contact point of the device, such as forehead or chin rest and using
subj ect heart rate to control start and stop of data acquisition, 5
and to cdféeicEbethe fuomsneniichayier qfakd region af inttirest suichas; iperforafing QLS at 405-

measur emgpg mﬂx%%@@.@%ﬁ%@ af 'Iﬁpwﬂé 4 IMSCHE b W E[asfs g@gﬁ% Jo3ed

done using an comner ci al avarl ear
si gnal s dmlr@d@tedmrim ite the defieetbr, aptpcqrmlatlan ef light attérsity ofereirechn belésne to
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one i nversst Shitch JABRIttel Gued A d’ﬂiﬂwﬁc‘h) 249 i} tBYSLRM o VearR PathOs Th BE: e@tﬁer

| east one ofggua5| el astic Ilght scatterlnaﬁand fl uorescent |i

scanni ng 9e¥CtiPnPHl @tdeseriRedaboye) andysinesany ob Hgiugresgpnt detection paths escribed

previously.
The optical measurements of the system 230 are critically sensitive to translational
15 motions of the eye in excess of approximately 150-pm. In the original embodiments, a large
source of motion artifact was eye motion induced by heartbeat associated motion. To avoid
these predictable artifacts, a number of methods can be employed.

Computer algorithms can be utilized that recognize motion artifacts in either the
position of anatomic structures in the slit-lamp camera 221, by evaluating the relative position

20  of measurement volume in relationship to anatomic structures, or by evaluation of correlation
functions, looking for hallmark characteristics of motion on this measure.

A second approach to avoiding motion artifact due to heartbeat, may be to synchronize
data collection to heart beat. Resting heart rate in humans is typically 50-85 beats per minute
[BPM], but can exceed 120-BPM in cases of pathologic tachycardia. By synchronizing

25 measurement to the rest period between beats, this artifact can be avoided.
Methods to synchronize measurements to the rest periods between heart beats include:
i Placing a heart-rate monitor on subjects and using subject heart rate to control

start and stop of data acquisition, and to calculate the number and positional distribution of
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a display screen show ng an image of the eye to allow an operator to
select locations in the eye to be neasured; and an optical unit
coupled to a processor for executing at | east one of quasi-elastic

| ight scattering and fluorescent |igand scanning on sel ected

| ocations of the eye and for collecting data associated with at | east
one of quasi-elastic light scattering and fluorescent |igand scanning
performed, wherein the processor displays the data on the display
screen for review by the operator 2. The systemof claim1l, wherein
data fromdburk® afHi@Ric

fluorescent Ii ggﬁgathgglgtﬁg{) ng I's @‘f&i‘ eg%?@ﬁggggkgazg}& F%qug number of
3. The syemawriclycavailable heaniiate @Dmtqrhtgndlapacuss‘)ncbhltect ed in cycl es of
no nore than §0 ns c S

execut es up tg tenﬁlglz)drllggecut J V%%zﬁ%mopfnt%i %ﬁ%ﬁ"ﬁem c?rﬁac(:[‘\ BPmE: % the XG_LVICC such
wher ei n @& é&regador @rdnes’cmlndylsdg m’metchheamh I'Slplttayormt)l’ aanaratstmleatdamqtumgsn,

front VI i e e
ntend) t 5 B GlcaeRRe R AT bostieRldi AR OF met e BB LR wpramye
and f| uoreseeofiinteicsfafids sodd hé dane wgingphy nmhbeﬂepcmﬁmem&llgiwallable heart rate

aut ocorr jon. functions, f east o asi -elastic |ight
scatteri ﬁrb()%g%rd“%aué)rrgés %’ﬂPm?ti ‘6’%8"%&%‘? &atloﬁﬁggﬁ?ﬂ(\?‘g ‘fit parameters
based on an ekponedtrsalictingtthd systeine? 30 widCarifidkiiiteNpatainiaker, Gnd Udigs the
system of ¢ m,1 erei th data,caol l ected includes_ at | east one
of the a%creg'ﬁ‘k fﬂ%tﬂé’ﬁ@ﬂe@og‘fhe hetepdepi Fﬁf?ffl%gaaﬁmf@ww fagoner to insre
quasitoel akhn dath e@htticacatt eri ng performed and the average fluorescence
intensity ass8§1 iated with fluqrescent |igand scanning performed. 7.

The system of eaflﬂwlmvm%?f&“ﬂtht%@cacgpaalil%spér&qfé@tlwnfl%n?%{texwé%lgtdue

one of atdehauf ofediwhie, Findibgs cﬁ@é\%e@%béd&aﬂ)ﬁ@mﬁﬂ%&t%ﬁ%ﬁ%ﬁ&
region of the lens of t he eye. 8. The systemof claim®6 erein a

rati o ( FPERWATH ﬁfﬁfé’(%élﬁrdt“ﬁ’én%@éfoa@fénwoa@%@d@ﬁ&hésq rﬁeéWSfistWP’Gm%ngN)

associ at @ghcMbrshin fyl AR PRGH allly | AR 8 6215 P&kitRns, Qnélﬁ)cﬁﬁé b&Re 8RbBEd such
nucl eus region of the l'ens of the eye and average fl uorescence

i nt eAdi t {haf partignsefifungtienscreimpdengniad 3t Hiffsrus platsical lpgptiens-scanni ng of a
| ocation in thgusHRAIARYE cﬁ%p’h@ghme%fefsh@thlemn@gn m%eg&ﬁt1W%aP&clude
determined in accordance wth the equation FLSNonn = 1rts-sNaFts-N

and a ramofﬁt@@_mlywﬂﬂéw\een the average intensity (I Qs-N) of
scattered |ight associated with quasi-elastic |ight scattering at a

| ocation in the nucleus region of the lens of the eye and average
intensity (1Q.5.sN) of scattered |ight associated with quasi-elastic
i ght scattering at a |l ocation in the supranucl eus region of the |ens
of the eye may be determ ned in accordance with the equati on QLSNorm
= | QLS-SNRQLS-N, where an increase in FLSNonn or Q.LSNonn i ndi cates an
increase in the presence of a material or object in the eye.



9. The systemof claim8, wherein a neasurenent quality netric (N) is
cal cul ated as the product of QLSNon" and FLSNonn. 10. The system of
claim1, wherein the systemdetects the presence of a material or
object in the eye. 11. The systemof claim 10, wherein the nmaterial or
object is p-anyloid protein. the progress of a disease. 13. The
systemof claim1l, wherein the nmeasurenent quality of at |east one of
quasi -elastic light scattering and fluorescent |igand scanning is
anal yzed using curve y(t) --= where | is the average intensity, k is
the decay tinme constant and t is tinme. 14. The systemof claim1,
wherein the processor neasures first data of fluorescence of the eye
bef or e i nWheidsclaimgeddgt | magi ng agent into the eye and neasures second
data of fluorescence of the eye after introducing the inmaging agent,
and conpat.es tAeysfent fok petsrimin 4t e temo

cl ai m 14, wheregin, co gl‘l ng I¥ghe faltStrUs?lts.3 %ggt ap‘\a/{ngs?]h%ggeé%tteeggﬁan%a?‘gescem

i ncl udes subt r&&td svap IFEeOff??l%’!eCHaﬁm fhecsmtftmeompmmgd data. 16. A

met hod of per faad gcz@&né}ﬁaﬁ& stic |ight scattering
and f1 uorescent Siimajs}and scannlgnmﬁig%ogg%j v a a'eol’elr"ﬁ%”ﬁéFlﬁHdocat‘ons in
conprising: sel ectﬁ'ﬁ@y%ﬂq%ﬁ?aﬁ@ﬂd,mdt he eye to be anal yzed,

perform ng at aheptsdal @iE: cattering and

f1 uor escent Ilga%d scanr?:igl %legwkrﬁgésgogltdeﬁ xeq P%é@ﬁs{)ﬂne dipdetastiglighit a
associ ated with atSREHEE ap élu@lfesm‘fufalmanelscasmngoﬂa bddttedsibediibRy Ml &RGnd

fluorescent |i gandfoseqBliffdatAdoRiES SN, | LGt he data for operator

revi ew. one of quasi-elastic light scattering
and fluorescent ligand scanning performed,

wherein the processor displays the data on the display screen for review by the
operator.

2. The system of claim 1, wherein data from at least one of quasi-elastic light scattering
and fluorescent ligand scanning is displayed on the same display screen.

3. The system of claim 1, wherein the data is collected in cycles of no more than 60 msec.

4, The system of claim 3, wherein the system executes up to ten consecutive cycles.

5. The system of claim 1, wherein the data is displayed on the display screen as test

settings, front view and cross-sectional view images of the eye, average intensity values
for at least one of quasi-elastic light scattering and fluorescent ligand scanning
graphical depictions of autocorrelation functions for at least one of quasi-elastic light

scattering and fluorescent ligand scanning, and curve fit parameters based on an

exponential fit to the autocorrelation data.
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17. The method of claim 16, wherein the data collected includes at

| east one of the average intensity of scattered |ight associated with
quasi -elastic light scattering perforned and the average fl uorescence
intensity associated with fluorescent |igand scanning perforned. 18.
The nethod of claim 17, wherein the average intensity data is
collected fromlocations in a nucleus region of the |lens of the eye
and a supranucl eus region of the lens of the eye and a rati o between
the average intensity of scattered light fromthe nucleus region of

the lens 6f thBheaystemnd claine 1 AVIREEE theldataRBRbdM lﬁélu&%% fe&dt Bffe bf tgggveug%m
the supranucl eys ens of the eye is determ ne

nmet hod of claim ?Lsf%’q‘m t&‘ieﬂtl’ﬁwés%ﬁ?@egdé‘ﬂl Pagirplastiy light seatiesng pirfoemed and

from | ocati onghé mveeagalﬂﬂbﬁbt&néeﬂlieﬂﬁty@sso%ﬂ?ed|\§H§ﬂ1f6fresf:éh"?hg%ﬁ B

supr anucl eus I‘E%I of the lens of the eye and rati o between
average fl uor FSHEN |nten5|ty fromthe nucleus region of the |Iens of
the eye and average fl uorescence intensity fromthe supranucl eus

regi on of thee.ll ens of e eye is determined. 20. The nmethod of claim
16, wherei'n p dﬁlﬁ’?@ ?‘H’o . adiersiny the defa inkotlecterhirory atleasp bhses nucleus

i1 lum nating tégoettherhs S th/&e B IS frhfR1eld Fe? on%?%hac I%Jé of&}]éor gscence

of the eye before introducing an imaging agen
i ntroducing the imagi ng agent into the eye neasurlng second data of

fl uorescence qhet{i@en¥eolaft i ma ent. into the
eye; and corrparfn)m}et he f fiflascfﬁvggi%g;{a\?mﬂtiﬁ lﬂ% )g%%‘ﬁe léetgaa 8% fuorgggence

net hod of cl afeBy (pdsen asseciatpdwithflaorescentizaad enmgeg 6 L106RHEMGR nucleus
intensity fr Oi"@gtichleonIYeelens of the eye and average fluorescence intensity (TeLs-sn) associated with

fluorescent ligand scanning of a location in the supranucleus region of the lens of the
eye may be determined in accordance with the equation FLSyom = Iris.sn/IpLsy and a
ratio (QLSnom) between the average intensity (IqLs.n) of scattered light associated with
quasi-elastic light scattering at a location in the nucleus region of the lens of the eye and
average intensity (IgLs.sn) of scattered light associated with quasi-elastic light scattering
at a location in the supranucleus region of the lens of the eye may be determined in
accordance with the equatio.n QLSnoem = Iqus.sn/IgLs-n, Where an increase in FLSNomm O

QLSwonn indicates an increase in the presence of a material or object in the eye.

9. The system of claim 8, wherein a measurement quality metric (N,) is calculated as the

10.  The system of claim 1, wherein the system detects the presence of a material or object

in the eye.

11, The system of claim 10, wherein the material or object is B-amyloid protein.
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22. The nmethod of claim 20, wherein the nmeasurenment of the second
data is taken no nore than 24 hours after introducing the inmaging
agent into the eye. 23. The nethod of claim 16, wherein the nethod is
capabl e of detecting the presence of a material or object in the eye.
24. The nethod of claim 23, wherein the nmaterial or object is
O0-anyloid. 25. The nethod of claim 16, wherein the progress of a

di sease can be tracked by neasuring levels of fluorescence in the
eye. 26. A systemfor perform ng at | east one of quasi-elastic |ight

scat t er i n§2-andlHel sysiera o€ elaim 1, \diaisin 8C084A0A P&HieR ofths Rk @&}e'ct%fi I?% %Fd {035665}‘ d

system conprising: a lighf source configured to transmt
t he subj ect' s§1é€gl}°glgsﬁ°éf%sdtmfﬁsﬁfi gured to focus |light sent fromthe

source and received fromthe subject's eye; a nmeasurenent reflector
di sposed {0 receive at_|east a portion of the focused |ight and
confi gured t o TEFYEER obelpiny b whsesin the meafurenient qudiey vion 1daitght of Quasiadrakia

configured andighi spesag ah@AiGELEMS oat rtion of the recgjved
li ght and confilrg?tir.ed tgg provi de ilr%didcélcgﬂﬁ)ég %ﬁ’%ﬁ%&é'm%ﬂrégﬁ%ﬂ %g to

the first por Ui 1df thepueragedatensity. k isghe decay tins pbyans ardagatiher

di splaying the image to allow an operator to select regions of the
eye for ggalyzgng; and a processor coupled to the canera and

confi gur ed t o [ AndYsipmeotplaimda whergimghoproswsdrmemagdes firghdatd fMorescence of the

quasi - el asti Celd EHMre &6 | NG fluorescence from fl uorescent
l'i gand scanni ﬁ% to réet’g’g%&‘gé Brrglt“gdgﬁlﬁlag%nr? “ﬁ%jﬁ@ceﬁ’e ﬁqdr’fl?ﬂsléﬁe%%‘ic‘)’l“b@aé%@ﬁj in
sel ected regi Bhyewsenaciof theyaye afi? intivecisy stednmgihis dcat, Eh@ CompMA&NEd first §iEa

material or obiiR@le selonkdbGrest is fl-anyloid.

15, The system of claim 14, wherein comparing the first data with the second data includes
subtracting the first data from the second data.

16. A method of performing at least one of quasi-elastic light scattering and fluorescent
ligand scanning to a subject’s eye, the method comprising:
selecting a location in the eye to be analyzed;
performing at least one of quasi-elastic light scattering and fluorescent ligand scanning
on the selected location;
collecting data associated with at least one of quasi-elastic light scattering and
fluorescent ligand scanning; and

presenting the data for operator review.

17. The method of claim 16, wherein the data collected includes at least one of the average

intensity of scattered light associated with quasi-elastic light scattering performed and

the average fluorescence intensity associated with fluorescent ligand scanning

performed.
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28. The system of claim 26, wherein the average intensity of at |east
one of the scattered |light and fluorescence are anal yzed for at | east
one of a supranucl eus region of the lens of the eye and a nucl eus
region of the lens of the eye. 29. The system of claim 28, wherein
conparing the average intensity of scattered |ight fromthe nucl eus
region of the lens of the eye to the average intensity of scattered
light for the supranucleus region of the Iens of the eye provides a
correl ati ?i? factor for evaluating the presence of the material or

obj ect of 18nt eTlsmcthod bBaifye, wBbeintheas of claim 28, wherein.
conparing the average fluorescence i nt%nga%%inr{%nrsmzpﬁés ct’?ﬁ‘éqt%‘)‘?é,f@?@ﬁﬂs
of the |ens of "HECEYEpENOhtedensrhithe ef¢ unrespancdeisté@asbt e a8 of €
supranucl eus r&giadda edtiothRBveeS S 9L ey. ovj des. a correlation
factor for evaluating the pr esenacera%%]&eﬁgeé?yrfg{s%aﬁefﬂ%?'éﬁt i50ip dhernugleus region
interest in tHY RKlensofthe “pane (hsaperngsf intchsiiyrof 3atte BRI forh BE sppranucleus
processor neasgiesof heldht HAHES Qﬁgtelin%éa sity froma region of PFhE
eye before introduction of an 1magling agent and after introduction of
an imaging agent to determ ne the difference between the two
intensiti®s. 3J2e mARdS¥ et f.iclai m 26, wherein the processor

di spl ays data_on trl1e di s_pﬁ]g;l/ﬂs\%h(r\ééeé%mfg?’érwéw&f%w datavis eqliccteth érodelbeations
i ncl udi ng i nf &t FE¥G VN regoree! thelest ofaheeyefand bl 8siraic RS }eﬁioln'oglfl-fg_lens of the
scattering andyd 4440r 856 64L, énltggg‘ge scanni ng ggrfor_md, I ncl udi hg

aver age inten?lti es of at leas G o OTEnSTateRER P thyimuclandregion of
f1 uor escence. tg3ensphthesys emhavefage labmrcfe iﬁt%!ﬁstitp%mp@lgg%ﬁ'l'e&%"g region of

conput er cont geNiRGrBRIDYULEL: r eadabl e, conput er - execut
instructions for contro %fsndgtefrﬂg‘e ystemto execute at |east one of

gquasi-elastic light scattering and fluorescent |igand scanning and

di splay data {f St e of quasi-elastic light scattering and
f1 uor escent I?gﬁrﬁkd[ﬁ é%gﬁcﬁ?' gl%gwh?rﬁ’é‘p&f@%‘l“a&ﬂw;?@emt_ligaﬂd sciineing yGhaEeof

cl ai m 26, V\heilileinmatihgthprsmlﬁjaﬁ?s@rye;execut es an autocorrelation function

to eval uate 2r da h been effected by novenent of the subject
while at | ea\é\‘?gatgﬁlg“%ﬁsé‘%éas&sfbioﬁﬁn&e Pithneyesistire antroduricmnah flaghi QE6R Nto

| i gand scanni ng i shdaieng perf or ned.
introducing the imaging agent into the eye;

measuring second data of fluorescence of the cye after introducing the imaging agent
into the eye; and

comparing the first data with the second data.
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21.

22,

23.

24,

25,

26.

27.

28.

The method of claim 20, wherein the data is the average fluorescence intensity from the

eye.

The method of claim 20, wherein the measurement of the second data is taken no more

than 24 hours after introducing the imaging agent into the eye.

The method of claim 16, wherein the method is capable of detecting the presence of a

material or object in the eye.
The method of claim 23, wherein the material or object is S-amyloid.

The method of claim 16, wherein the progress of a disease can be tracked by measuring

levels of fluorescence in the eye.

A system for performing at least one of quasi-elastic light scattering and fluorescent

ligand scanning on a subject's eye, the system comprising;

a light source configured to transmit light toward the subject's eve;

a lens configured to focus light sent from the source and received from the subject's
eye;

a measurement reflector disposed to receive at least a portion of the focused light and
configured to reflect a first portion of the received light;

a camera configured and disposed to receive at Jeast a portion of the received light and
configured to provide indicia of an image corresponding to the first portion of
the received light;

a display screen for displaying the image to allow an operator to select regions of the
eye for analyzing; and

a processor coupled to the camera and configured to analyze at least one of scattered
light from quasi-elastic light scattering and fluorescence from fluorescent ligand
scanning to detect a material or object of interest located in selected regions of

the eye.
The system of claim 26, wherein the material or object of interest is S-amyloid.

The system of claim 26, wherein the average intensity of at least one of the scattered light
and fluorescence are analyzed for at least one of a supranucleus region of the lens of the

eye and a nucleus region of the lens of the eye,
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29,

30.

31.

32,

33.

34.

The system of claim 28, wherein comparing the average intensity of scattered light from
the nucleus region of the lens of the eye to the average intensity of scattered light for the
supranucleus region of the lens of the eye provides a correlation factor for evaluating the

presence of the material or object of interest in the eye.

The system of claim 28, wherein comparing the average fluorescence intensity from the
nucleus region of the lens of the eye to the average fluorescence intensity for the
supranucleus region of the lens of the eye provides a correlation factor for evaluating the

presence of the material or object of interest in the eye.

The system of claim 26, wherein the processor measures the fluorescence intensity from a
region of the eye before introduction of an imaging agent and after introduction of an

imaging agent to determine the difference between the two intensities.

The system of claim 26, wherein the processor displays data on the display screen for
operator review, the data including information on at least one of quasi-elastic light
scattering and fluorescent ligand scanning performed, including average intensities of at

least one of the scattered light and fluorescence.

The system of claim 26, further comprising a computer containing computer-readable,
computer-executable instructions for controlling the system to execute at least one of
quasi-¢lastic light scattering and fluorescent ligand scanning and display data from at
least one of quasi-elastic light scattering and fluorescent ligand scanning on the display

screen.

The system of claim 26, wherein the processor executes an autocorrelation function to
evaluate whether data has been effected by movement of the subject while at least one of

quasi-elastic light scattering and fluorescent ligand scanning is being performed.
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