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Description

BACKGROUND

[0001] Non-invasive devices and methods for detect-
ing disease, such as diabetes, are described. In partic-
ular, the exemplary embodiments relate to methods and
apparatuses suitable for determining in a mammal the
presence, likelihood, and/or progression of diabetes mel-
litus.
[0002] Diabetes mellitus ("diabetes") is a group of met-
abolic diseases in which a person has high blood sugar
(hyperglycemia), either because the body does not pro-
duce enough insulin, or because the body’s cells do not
respond to the insulin that is produced. Diabetes is a
disease derived from multiple causative factors and char-
acterized by elevated levels of plasma glucose in the
fasting state or after administration of glucose during an
oral glucose tolerance test (OGTT). There are two pri-
mary forms of diabetes mellitus: (1) insulin dependent or
Type 1 diabetes (a.k.a., Juvenile Diabetes, Brittle Diabe-
tes, Insulin Dependent Diabetes Mellitus (IDDM)) and (2)
non-insulin-dependent or Type II diabetes (a.k.a., NID-
DM). Type 1 diabetes develops most often in young peo-
ple, but can appear in adults that have the same auto
anti body as the Type 1. Type 2 diabetes develops most
often in middle aged and older adults, but can appear in
young people. This high blood sugar condition produces
symptoms of polyuria (frequent urination), polydipsia (in-
creased thirst) or polyphagia (increased hunger). Diabe-
tes is a large and growing problem throughout the world’s
developed and developing nations. As of now, it has been
forecasted that approximately one in 10 U.S. adults have
diabetes and according to a Centers for Disease Control
and Prevention report, cases of diabetes are projected
to double, even triple, by 2050 with as many as one in
three having the disease, primarily type 2 diabetes.
[0003] Insulin is a hormone produced in the pancreas
by [3-cells. The function of insulin is to regulate the
amount of glucose (sugar) in the blood, which enters cells
through receptors that accept insulin and allow glucose
to enter. Once inside a cell, glucose can be used as fuel.
Excess glucose is stored in the liver and muscles in a
form called glycogen. When blood glucose levels are low,
the liver releases glycogen to form glucose. Without in-
sulin, glucose has difficulty entering cells. In persons with
diabetes mellitus, the pancreas either produces no insu-
lin, too little insulin to control blood sugar, or defective
insulin. Without insulin, these symptoms progress to de-
hydration, resulting in low blood volume, increased pulse
rate, and dry, flushed, skin. In addition, ketones accumu-
late in the blood faster than the body is able to eliminate
them through the urine or exhaled breath. Respiration
becomes rapid and shallow and breath has a fruity odor.
Other symptoms indicating a progression towards dia-
betic ketoacidotic coma (DKA) include vomiting, stomach
pains, and a decreased level of consciousness. Persons
with diabetes are at increased risk for debilitating com-

plications such as renal failure, blindness, nerve damage
and vascular disease. Although risk for or progression of
complications can be reduced through tight glucose con-
trol combined with drug therapy and lifestyle changes,
effective mitigation of complications begins with early de-
tection. The disease leads to serious complications, in-
cluding hyperglycemia, macroangiopathy, microangiop-
athy, neuropathy, nephropathy and retinopathy. As a re-
sult, diabetes adversely affects the quality of life. Simi-
larly, uncontrolled Type 2 diabetes leads to excess glu-
cose in the blood, resulting in hyperglycemia, or high
blood sugar.
[0004] Unfortunately, the diagnosis of diabetes in a
person often occurs years after disease onset and after
complications are already present. More aggressive
screening of individuals at risk for diabetes is needed.
Modern diabetes screening and monitoring is a particu-
larly "puncture-intensive" because diabetics have to draw
blood to test their glucose levels. The only practical, re-
liable screening method currently available for monitor-
ing blood glucose is by means of blood sampling. The
primary screening and diagnostic tests currently in use -
the Fasting Plasma Glucose (FPG) and the Oral Glucose
Tolerance Test (OGTT) - are not considered to be opti-
mum because they are inconvenient and unpleasant.
Both require venous draws and are fasting tests so they
can only be practically administered during morning ap-
pointments and are prone to non-compliance issues. For
the OGTT, the measurement occurs two (2) hours after
the patient ingests a 75g oral glucose load. Numerous
studies have evaluated the performance of each of these
tests in diverse populations. It is believed that approxi-
mately one-half of those with diabetes are misclassified
by a single FPG test. In addition, it is believed that the
OGTT suffers from relatively poor reproducibility. In ad-
dition, the HbAlc test reflects longer term 90 day glycae-
mia and control or lack of control than FPG does, the
results of the test can also be distorted due to recent
changes in diet or hemolytic conditions. Such blood glu-
cose measurement methodologies have limited value as
indices of long-term glycemic status. In summary, blood
glucose measurements (such as HbAlc and FPG) have
limited value as reliable indices of long-term glycemic
status.
[0005] Consequently, an accurate, reliable and con-
venient and noninvasive screening test is needed as a
viable alternative to current tests. Ideally, an improved
screening test would measure an analyte that is directly
related to progression of the disease and the risk of com-
plications, and the chemical marker would be invariant
to within- or between-day changes in the patient as an
integrated biomarker. In addition, the measurement
should offer sufficient accuracy to detect diabetes in its
early stages and possess adequate precision to eliminate
the requirement for repeat, confirmatory testing. Once it
becomes apparent that a patient may possibly have di-
abetes, doctors and health care providers will ask the
patient to return for more tests on a periodic basis to
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determine whether the patient’s condition actually devel-
ops into the disease. There are certain protocols about
how long a patient should wait before being recalled for
more testing. If a patient has few symptoms suggestive
of diabetes, then the patient may not be recalled for more
than a year. If several suggestive symptoms are present,
then the patient may be recalled after only a few months.
It would be useful if there was available a diagnostic tool
and methods for noninvasively and accurately determin-
ing whether a patient is at risk of actually developing the
diabetes.
[0006] A major consequence of hyperglycemia is ex-
cessive glycosylation (non-enzymatic glycation) of pro-
teins in a process known as the Maillard reaction. Exces-
sive glycosylation eventually causes the formation of var-
ious protein-protein cross-links and non-crosslinked
structures called Advanced Glycation End-products (AG-
Es). AGEs are believed to present an attractive candidate
analyte for noninvasive measurements. AGEs have been
implicated as causal factors in the complications of dia-
betes, including diabetic retinopathy (DR). Protein glyca-
tion is a multi-stage reaction that begins with formation
of a sugar adduct to protein, known as a fructosamine or
Amadori compound, which gradually matures to form
AGEs. Some AGEs require oxidation chemistry for their
formation and are known as glycoxidation products. Col-
lagen is a protein that readily undergoes glycation and
glycoxidation. Because of its long half-life, the level of
AGEs in collagen is believed to act as a long-term inte-
grator of overall glycemia that is insensitive to short- or
intermediate-term fluctuations in glycemic control. Con-
sequently, AGEs accumulate naturally during healthy ag-
ing, but at significantly accelerated rates in persons with
diabetes. Protein glycation and AGE formation are ac-
companied by increased free radical activity that contrib-
utes to the biomolecular damage in diabetes. Levels of
AGEs are positively correlated with the presence of retin-
opathy, nephropathy and neuropathy and, as such are
an indicator of systemic damage to protein in diabetes
and a metric of a patient’s risk for diabetic complications.
In addition, due to the mild to severe hyperglycemia as-
sociated with pre-diabetes and type 2 diabetes, individ-
uals who are in the early stages of this continuum will
accumulate AGEs at higher than normal rates in their
tissues. Thus, given sufficient assay sensitivity, an accu-
rate AGE measurement in an individual offers the prom-
ise to detect early departure from normal glycemia. Cur-
rently, AGEs are assayed by invasive procedures requir-
ing a biopsy specimen, and consequently are not used
in diabetes screening or diagnosis.
[0007] Tissue such as the ocular lens can exhibit flu-
orescence when excited by a light source of a suitable
wavelength. This fluorescence emission, arising from en-
dogenous fluorophores, is an intrinsic property of the tis-
sue and is called autofluorescence to be distinguished
from fluorescent signals obtained by adding exogenous
markers (like sodium fluorescein). The tissue fluoro-
phores absorb certain wavelengths of light (excitation

light), and release it again in light of longer wavelengths
(emission). Several tissue fluorophores have been iden-
tified, such as collagen, elastin, lipofuscin, NADH, por-
phyrins and tryptophan. Each fluorophore has its char-
acteristic excitation and emission wavelength, that ena-
bles localization and further quantification of a particular
fluorophore. Autofluorescence can be induced in several
tissues and can therefore be applied in investigation of
several diseases. It is also used to distinguish malignant
from benign tissue in several tissues, such as the skin
and cervix. Furthermore, in ophthalmology, autofluores-
cence of the lens increases with ageing and diabetes.
Autofluorescence of the lens appears to be caused by
glycation and, subsequent oxidation of lens crystalline,
which forms AGEs. The crystalline lens represents an
exceptional bio target since the proteins in the lens are
relatively static for life and do not turn over (i.e., undergo
reverse glycation) allowing for the accumulation of AGEs.
[0008] A core technology in noninvasive testing is flu-
orescence spectroscopy (a.k.a. fluorometry or spec-
trofluorometry), which is a type of electromagnetic spec-
troscopy that analyzes fluorescence from a sample by
detecting the presence of certain molecules by measur-
ing their reflected or emitted light. It involves using a beam
of high energy (short wavelength) light, that excites the
electrons in molecules of certain compounds and causes
them to emit light (fluorescence) of a lower energy, typ-
ically, but not necessarily, visible light. A complementary
technique is absorption spectroscopy. In fluorescence
spectroscopy, the species is first excited, by absorbing
a photon, from its ground electronic state to one of the
various vibrational states in the excited electronic state.
Collisions with other molecules cause the excited mole-
cule to lose vibrational energy until it reaches the lowest
vibrational state of the excited electronic state. The mol-
ecule then drops down to one of the various vibrational
levels of the ground electronic state again, emitting a
photon in the process. As different species of molecules
may drop down from different vibrational levels to the
ground state, the emitted photons will have different en-
ergies, and thus frequencies. Therefore, by analyzing the
different frequencies of light emitted in fluorescent spec-
troscopy, along with their relative intensities, the structure
of the different vibrational levels is determined.
[0009] Optical spectroscopy offers one potential ave-
nue of early, noninvasive detection of diabetes by quan-
tifying AGEs in the lens of the eye or other tissues. Spec-
troscopy is the study of light as a function of wavelength
that has been emitted, reflected, or scattered from a solid,
liquid, or gas. When photons go through a certain mate-
rial, some are reflected from particle surfaces, some pass
through the particles, and some are absorbed. Those
photons that are reflected from particles surfaces or re-
fracted through them are called "scattered". Scattered
photons may encounter another grain or be scattered
away from the surface so they may be detected and
measured. Every molecule has a signature structure that
reflects light at a specific wavelength; all glucose mole-
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cules share a unique signature that’s entirely different
from other blood components such as hemoglobin. In
spectroscopy, a machine fires a laser or other light on
the skin or in the eye. If the returning wavelength differs
from an established norm, the device alerts the patient
or doctor to the presence of the molecule or cell in ques-
tion. Fluorescence-based systems rely on the propensity
of certain cell components, known as fluorophores (e.g.,
tryptophan, flavins, collagen), to emit light when excited
by specific wavelengths of light, with the peak intensity
in a different, but corresponding frequency band. The
actual amount of light emitted by fluorphores is exceed-
ingly small (on the order of nanowatts) requiring an ex-
tremely sensitive photodetection system. The basic func-
tion of an optical spectroscopy device is to irradiate the
specimen with a desired and specific band of wave-
lengths, and then to separate the much weaker emitted
fluorescence from the excitation light. Only the emission
light should reach the eye or detector so that the resulting
fluorescent structures are superimposed with high con-
trast against a very dark (or black) background. The limits
of detection are generally governed by the darkness of
the background, and the excitation light is typically sev-
eral hundred thousand to a million times brighter than
the emitted fluorescence.
[0010] If AGEs are illuminated by light from 300-500
nm, then 400-700 nm fluorescence is emitted. Theoret-
ically, certain early metabolic changes may be detected
by fluorescence spectroscopy as AGEs develop. Reflect-
ance techniques attempt to characterize tissue by meas-
uring the amount and wavelengths of light reflected back
to a sensitive photodetector when the tissue (e.g., lens
of the eye) is exposed to a light source. Fluorescence
and reflected light measurements are analyzed using
computer-based algorithms; however, these systems
have not been studied extensively. Noninvasive ocular
fluorescence measurements have been investigated on
numerous occasions for diabetes screening and AGE
quantitation.
[0011] For example, autofluorescence of the lens of
the eye can be measured with a computer fluorophotom-
eter (Fluorotron Master, Coherent Radiation Inc. (Palo
Alto, CA)) fitted with a special lens ("anterior segment
adapter") for detailed scanning of lens. Autofluorescence
of the lens, excited by a beam of continuous blue light
can be scanned along the optical axis by moving the in-
ternal lens system of the fluorophotometer by a compu-
ter-controlled motor. The wavelengths of excitation and
fluorescent light can be set by color filters with peak trans-
mission at 490 nm and 530 nm respectively. The meas-
ured autofluorescence, expressed in equivalents of Flu-
orescein concentration can be recorded as a function of
distance in the eye.
[0012] It is always desirable to detect diseases early
in their progress. In particular, it is desirable to screen
and start treating glucose-intolerant individuals as early
as possible since, even before the onset of diabetes, vas-
cular lesions gradually develop with deterioration of glu-

cose tolerance. Additionally, beta-cell function is serious-
ly compromised by the time that overt alterations in glu-
cose homeostasis, such as impaired glucose tolerance
(IGT) and impaired fasting glucose (IFG), are manifest;
thus, timely intervention is important to maintain residual
insulin secretory capacity. Early detection enables early
treatment which is generally believed to yield a higher
success rate in treating various diseases. Recently, it is
believed that analyzing eyes, and in particular the lenses
of the eyes, can yield indications of various types of dis-
eases. For example, measurements taken of light scat-
tering within the eye has been shown to provide useful
diagnostic information to detect and monitor the progress
of diseases. Since this region is up to a few millimeters
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. This is particularly true
because eye care professionals, such as optometrists,
regularly examine, diagnose, treat and manage diseas-
es, injuries, and disorders of the eyes and associated
structures, as well as identify related systemic conditions
affecting the eye. Optometrists, through their clinical ed-
ucation and experience, and broad geographic distribu-
tion, and the means to provide primary eye and vision
care for the public. There often the first healthcare prac-
titioners to examine patients with undiagnosed diabetes
or ocular manifestations of diabetes.
[0013] The effectiveness of early intervention with life-
style modification or medication in arresting disease pro-
gression has been demonstrated by the Diabetes Pre-
vention Program (Diabetes Prevention Program Re-
search Group. NEJM 346:393-403, 2002). However, the
determination of IGT and IFG is itself an issue due to the
relatively invasive nature of these assessments, partic-
ularly that of IGT by an oral glucose tolerance test
(OGTT). In addition, an important additional diagnostic
problem is monitoring of glucose homeostasis for con-
firming diabetes. Compliance with glucose monitoring is
poor because of the pain and inconvenience of conven-
tional blood collection using lancets. Furthermore, non-
invasive monitoring techniques for diabetes, and to de-
termine the efficacy of therapy, are desirable. Finally, as-
sessment of progression of frank diabetes to complica-
tions is only feasible after complications are well estab-
lished. Thus, it would be beneficial to have methods for
assessing the development of diabetes from pre-diabe-
tes, and for monitoring the course of the disease.
[0014] Further, there is known at least one attempt to
produce a commercial grade non-invasive diabetes de-
tection/screening device that measures crystalline lens
fluorescence, known as the Accu-Chek D-Tector. The
Accu-Chek-D-Tector is essentially a confocal micro-
scope in that it uses confocal optics to measure AGEs
to check for early signs of uncontrollable blood sugar
levels and type 2 diabetes because they build up more
quickly in the eyes of individuals with high blood sugar
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levels than in the eyes of individuals with normal levels.
The device employs so called biophotonic technology
and detects diabetes by shining a blue light into the lens
of the eye of a patient. The returned light is collected and
analyzed. The light emitted from the eye of a person with
diabetes is more intense than that of a person without
diabetes. In particular, a laser beam passes through a
light source aperture and then is focused by an objective
lens into a small (ideally diffraction limited) focal volume
within or on the surface of a patient’s eye. Scattered and
reflected laser light as well as any fluorescent light from
the illuminated spot is then re-collected by the objective
lens
(collector). A beam splitter separates off some portion of
the light into a detection apparatus, which in fluorescence
confocal microscopy may have a filter that selectively
passes the fluorescent wavelengths while blocking the
original excitation wavelength. After optionally passing
through a pinhole, the light intensity is detected by a pho-
todetection device (e.g., a photomultiplier tube (PMT)),
transforming the light signal into an electrical one that is
recorded by a computer for further analysis. In particular,
the Accu-Chek D-Tector shines a blue light into the lens
of the eye, then collects and analyzes the returned light.
[0015] However, major drawbacks of the Accu-Chek-
D-Tector are that it is relatively slow, imprecise and costly
to manufacture. Although the device could purportedly
take readings in 30 seconds (15 seconds for fluores-
cence, 15 seconds for backscatter) to obtain a ratio of
fluorescence signal to backscattered signal from a spe-
cific location within the patient’s lens, the device em-
ployed a sliding filter changer to select either green (flu-
orescence) or blue (backscattered) light striking a pho-
todetector via a crank mechanism. Rotation of a step
motor actuated the two position slider taking one or more
seconds to move from one filter to the other. In addition,
in use, a patient to self-align to the device via a fixation
system that made it difficult and time-consuming.
[0016] Most non-invasive analyzers are not designed
specifically for high-throughput screening purposes.
They are difficult and expensive to integrate into a high-
throughput screening environment. Even after the ana-
lyzer is integrated into the high-throughput screening en-
vironment, there often are many problems, including in-
creased probability of system failures, loss of data, time
delays, and loss of costly compounds and reagents.
Thus, prior non-invasive diabetes detection devices gen-
erally have not recognized the need to provide analytic
flexibility and high performance.
[0017] A real need exists for a versatile, sensitive, high-
throughput screening apparatus and methods that can
handle multiple detections and wide ranges of patients
while reliably maintaining a high level of sensitivity. In
addition to early identification, it there is a need for dia-
betes detection apparatus, devices, methods and/or sys-
tems for detecting diabetes that requires no fasting and
is a cumulative test that is not exposed to variations in
glucose levels caused from a variety of reasons, includ-

ing food, stress certain drugs, or short term changes in
diet and exercise.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0018] Various exemplary embodiments of an inven-
tion are now described with or without reference to a Fig-
ure, where like reference numbers indicate identical or
functionally similar elements. The example embodi-
ments, as generally described and illustrated in the Fig-
ures herein, could be arranged and designed in a wide
variety of different configurations. Thus, the following
more detailed description of exemplary embodiments, as
described and/or represented in the Figures, is not in-
tended to limit the scope of the subject matter claimed,
but is merely representative of the exemplary/example
embodiments.
[0019] The invention, a method of detecting Advanced
Glycation End-Products (AGEs) in the human eye, is de-
fined in independent claim 1 and the dependent claims
2-5.
[0020] Certain aspects, advantages, and novel fea-
tures are shown in the Figures and/or described herein.
It is to be understood that not necessarily all such as-
pects, advantages, and features expressly or inherently
discussed herein may or may not be employed and/or
achieved in accordance with any particular embodiment
or aspect thereof. Thus, for example, those skilled in the
art will recognize that an exemplary embodiment may be
carried out in a manner that achieves one advantage or
group of advantages as taught or inferred herein without
necessarily achieving other advantages as may be
taught or suggested herein. Of course, advantages not
expressly taught or inferred herein may be realized in
one or more exemplary embodiments.
[0021] Except as otherwise expressly provided, the fol-
lowing rules of interpretation apply to this specification
(written description, claims and drawings): (a) all words
used herein shall be construed to be of such gender or
number (singular or plural) as the circumstances require;
(b) the singular terms "a", "an", and "the", as used in the
specification and the appended claims include plural ref-
erences unless the context clearly dictates otherwise; (c)
the antecedent term "about" applied to a recited range
or value denotes an approximation within the deviation
in the range or value known or expected in the art from
the measurements method; (d) the words "herein", "here-
by", "hereof’, "hereto", "hereinbefore", and "hereinafter",
and words of similar import, refer to this specification in
its entirety and not to any particular paragraph, claim or
other subdivision, unless otherwise specified; (c) de-
scriptive headings are for convenience only and shall not
control or affect the meaning or construction of any part
of the specification; and (d) "or" and "any" are not exclu-
sive and "include" and "including" are not limiting. Fur-
ther, The
terms "comprising," "having," "including," and "containi
ng" are to be construed as open-ended terms (i.e.,
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meaning "including, but not limited to,") unless otherwise
noted.
[0022] Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring in-
dividually to each separate value falling within the range,
unless otherwise indicated herein, and each separate
value is incorporated into the specification as if it were
individually recited herein. Where a specific range of val-
ues is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the
context clearly dictates otherwise, between the upper
and lower limit of that range and any other stated or in-
tervening value in that stated range, is included therein.
All smaller sub ranges are also included. The upper and
lower limits of these smaller ranges are also included
therein, subject to any specifically excluded limit in the
stated range.
[0023] Unless defined otherwise, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the relevant
art. Although any methods and materials similar or equiv-
alent to those described herein can also be used, the
preferred methods and materials are now described.
[0024] As used herein, the terms "an embodiment",
"embodiment", "embodiments", "the embodiment", "the
embodiments", "one or more embodiments", "some em-
bodiments", "certain embodiments", "one embodiment",
"another embodiment" and the like mean "one or more
(but not necessarily all) embodiments of the disclosed
apparatus and/or method", unless expressly specified
otherwise.
[0025] The term "determining" (and grammatical vari-
ants thereof) is used in an extremely broad sense. The
term "determining" encompasses a wide variety of ac-
tions and therefore "determining" can include calculating,
computing, processing, deriving, investigating, looking
up (e.g., looking up in a table, a database or another data
structure), ascertaining and the like. Also, "determining"
can include receiving (e.g., receiving information), ac-
cessing (e.g., accessing data in a memory) and the like.
Also, "determining" can include resolving, selecting,
choosing, establishing and the like.
[0026] The phrase "based on" does not mean "based
only on," unless expressly specified otherwise. In other
words, the phrase "based on" describes both "based only
on" and "based at least on."
[0027] The word "exemplary" or "example" is exclu-
sively used herein to mean "serving as an example, in-
stance, or illustration." Any embodiment described herein
as "exemplary" or "example" is not necessarily to be con-
strued as preferred or advantageous over other embod-
iments.
[0028] As used herein the terms "user" or "patient" or
"subject" may be used interchangeably, and the forego-
ing terms comprise without limitation human beings,
whether or not under the care of a physician, and other
mammals. The terms "eye scan," "scanning the eye," or
"scan the eyes," as used herein, are broad interchange-

able terms that generally refer to the measurement of
any part, substantially all, or all of the eye, including but
not limited to the eye lens or any other tissue or nerve
related to the eye.
[0029] The embedded computer subsystem can in-
clude at least one central processing unit (CPU) or "proc-
essor", memory, storage, a display and a communication
link. An example of a CPU is the Intel Pentium micro-
processor. The memory can be, for example, static ran-
dom access memory (RAM) and/or dynamic random ac-
cess memory. The storage can be accomplished with
non-volatile RAM or a disk drive. A liquid crystal display
is an example of the type of display that would be used
in the device. The communication link can be a high
speed serial link, an ethernet link or a wireless ("WiFi" or
"broadband") communication link. The embedded com-
puter subsystem can produce disease state predictions
from received and processed data, perform calibration
maintenance, perform calibration transfer, run instru-
ment diagnostics, store a history of past analysis and
other pertinent information, and in some embodiments,
can communicate with remote hosts to send and receive
data and new software updates.
[0030] "Software" and "Machine-readable code oper-
able on an electronic computer" are synonymous and
refers to software or hard-wired instructions used to con-
trol the logic operations of the computer. The term com-
puter or processor refers to an electronic computer or its
specific logic-processing hardware. The machine-read-
able code is embodied in a tangible medium, such as a
hard disc or hard-wired instructions.
[0031] The processor in the system may be a conven-
tional microcomputer having keyboard and mouse input
devices, a monitor screen output device, and a computer
interface that operably connects various components of
the system, for example, including an eye tracking as-
sembly or device, robotic elements, etc.
[0032] It is to be further understood that all measure-
ment values are approximate, and are provided for de-
scription. Although methods and materials similar or
equivalent to those described herein can be used in the
practice or testing of this disclosure, suitable methods
and materials are described below. All publications, pat-
ent applications, patents, and other references men-
tioned herein are incorporated by reference in their en-
tirety. In case of conflict, the present specification, includ-
ing explanations of terms, will control. In addition, the
materials, methods, and/or examples are illustrative only
and not intended to be limiting.
[0033] Some features of the embodiments disclosed
herein may be implemented as computer software, elec-
tronic hardware, or combinations of both. To illustrate
this interchangeability of hardware and software, various
components may be described generally in terms of their
functionality. Whether such functionality is implemented
as hardware or software depends upon the particular ap-
plication and design constraints imposed on the overall
system, as readily obtainable by a skilled person. Skilled
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persons may implement the described functionality in
varying ways for each particular application, but such im-
plementation decisions should not be interpreted as
causing a departure from the scope of the claims.
[0034] Where a described functionality is implemented
as computer software, such software may include any
type of computer instruction or computer executable
code or algorithm located or stored (even temporarily)
within a memory device and/or transmitted as electronic
signals over a system bus or network. Software that im-
plements the functionality associated with components
described herein may comprise a single instruction, or
many instructions, and may be distributed over several
different code segments, among different programs, and
across several memory devices.
[0035] The herein described embodiments constitute
an improvement of one or more of the methods and ap-
paratuses (purportedly depicting the above-mentioned
Accu-Chek D-Tector design) disclosed in the following
patents:

U.S. Patent No. 5,203,328 to Samuels entitled, "Ap-
paratus And Methods For Quantitatively Measuring
Molecular Changes In The Ocular Lens." This patent
discloses an apparatus and method for determining
whether a patient has diabetes. The system and
method measure characteristics of the patient’s eye
that are indicative of diabetes. Specifically, the sys-
tem and methods illuminate ocular tissue in a pa-
tient’s eye, and measure backscattered light and flu-
orescent radiation generated by the ocular tissue in
response to the excitation light. The intensity of the
backscattered light and fluorescent light at particular
wavelengths are then used to determine whether the
patient has diabetes.

U.S. Patent No. 5,582,168 entitled, "Apparatus And
Methods For Measuring Characteristics Of Biologi-
cal Tissues And Similar Materials." This patent ex-
emplifies apparatuses and methods that combine
two or more measurement techniques to arrive at a
more accurate ultimate determination by measuring
characteristics of biological tissues and similar ma-
terials. These apparatus and methods are described
with respect to measurements of the human eye. In
addition, the correction methodologies described
therein involve measurements of elastically scat-
tered excitation light. Samuels describes a simple
linear correction technique.

U.S. Patent No. 6,088,606 entitled, "Method and ap-
paratus for determining a duration of a medical con-
dition." This patent discloses a system and method
for determining the duration of a medical condition
and methods relating to determining the duration of
a disease, not for diagnosing or screening for the
presence of disease or for quantifying the concen-
tration of specified chemical analytes.

U.S. Pat. No. 4,895,159 entitled, "Diabetes Detec-
tion Method," and U.S. Pat. No. 4,883,351 entitled,
"Apparatus for the Detection of Diabetes and Other
Abnormalities Affecting the Lens of the Eye," each
disclose systems and methods for detecting the ex-
istence of diabetes using only backscattered light.

U.S Patent Appl. No. US 2007/0243521 A1 disclos-
es a non-invasive measurement of biological in
which polarized light is directed onto tissue, stimu-
lating the emission of fluorescence, due to one or
more endogenous fluorophors in the tissue in order
to calculate fluorescence anisotropy which is used
to assess the functional status of the tissue, and to
identify the existence and severity of disease states.

International publication no. WO 2005/045393 A2
discloses a method of determining a measure of a
tissue state (e.g., glycation end-product or disease
state) in an individual in which a portion of the tissue
of the individual is illuminated with excitation light,
then light emitted by the tissue due to fluorescence
of a chemical with the tissue responsive to the exci-
tation light is detected and combined with a model
relating fluorescence with a measure of tissue state
to determine a tissue state.

U.S Patent Appl. No. US 2007/0243521 A1 disclos-
es an apparatus for detecting metabolic dysfunction
in a patient’s eyes, wherein an excitation light is gen-
erated by an excitation light source to induce autoflu-
orescence in an ocular tissue (e.g., retinal tissue),
the excitation light exciting flavoprotein autofluores-
cence (FA) and minimizing the excitation of non-fla-
voprotein autofluorescence.

European patent appl. no. EP 1 913 866 A1 dis-
closes a non-invasive method of diagnosing an amy-
loidogenic disorder, or a predisposition thereto, in a
mammal, said method being characterised by illumi-
nating a mammalian ocular lens with an excitation
light beam, detecting light signals emitted from the
supranuclear or cortical region of said lens and an-
alysing said detected light signals by quasi-elastic
light scattering (QLS), Raman spectroscopy or fluor-
imetry to detect protein aggregates in said supranu-
clear or cortical region; wherein the presence or an
increase in the amount of aggregates in said region
as compared with a normal control value indicates
that said mammal is suffering from or is at risk of
developing an amyloidogenic disorder.

International publication no. WO 2006/009906 A2
discloses a time-resolved fluorescence device which
direcrts an ultra-short excitation pulse of light in the
UV, infrared or visible range that comprises of a rep-
etition of nanosecond pulses onto a strategically se-
lected area of the patient body such as the forearm,
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the feet, and the palm in order to excite the AGEs in
the skin, which in turn generate a fluorescence sig-
nal, which is collected and analyzed. The nature and
location of the fluorophores may be identified and a
medical diagnostics may be performed.

[0036] FIG. 1 shows a side-view of an eye 10. Eye 10
includes a cornea 11, an iris 12, a pupil 14, a lens 15, a
retina 16 and optic nerve 17. Light enters the eye through
pupil 14, is focused and inverted by cornea 11 and lens
15, and is projected onto retina 16 at the back of the eye.
Iris 12 acts as a shutter that can be opened or closed to
regulate the amount of light entering the eye via pupil 14.
[0037] Eye 10 consists of four quadrants in relation to
the optic nerve head: (a) a temporal portion, which con-
sists of the quadrant towards the temple of the skull, (b)
a superior portion, which consists of the quadrant above
the optic nerve head, (c) a nasal portion, which consists
of the quadrant towards the nose, and (d) an inferior por-
tion, which consists of the quadrant below the optic nerve
head. In one aspect, measurements of a particular quad-
rant or quadrants of the ocular lens, i.e., temporal, supe-
rior, nasal, and/or inferior, can be collected/used to gen-
erate data on the structural features of the eye. In other
words, in a example method for optical detection of AGE’s
in the lens of a subject’s eye, the subject’s eye may be
exposed to a fixation point. Exposing the subject’s eye
to an excitation light source may comprise directing the
light to a desired portion of the subject’s eye. Directing
the light to a desired portion of the subject’s eye may
comprise directing the light to a nasal portion, a temporal
portion, a superior portion or an inferior portion of the
lens. It may also comprise directing the light to other parts
or tissues of the eye, such as, without limitation, the ret-
ina, the vitreous, the corona, etc.
[0038] Example embodiments comprise an apparatus
and method suitable for determining properties of in vivo
tissue from spectral information collected from the lens
of the eye. In general, an illumination system provides
light at one or more wavelength ranges, which are com-
municated to an optical collection device. Light homog-
enizers and mode scramblers can be employed to im-
prove the performance in some embodiments. The opti-
cal system is non-invasive and does not physically con-
tact the eye. The optical source essentially receives light
from the illumination system and transmits it to the lens
of the eye. The optical collection system receives light
emitted from the eye lens tissue by fluorescence thereof
in response to the light. The optical collection device can
communicate the light to a spectrograph which produces
a signal representative of the spectral properties of the
light. An analysis system (computer) determines a prop-
erty of the eye lens from the spectral properties.
[0039] In a further example embodiment, a method for
determining a measure of a tissue state (e.g., glycation
end-product or disease state) in an individual is provided.
A portion of the tissue of the individual is illuminated with
excitation light, and then light emitted by the tissue due

to fluorescence of a chemical in the tissue responsive to
the excitation light is detected. The detected light can be
combined with a model relating fluorescence with a
measure of tissue state to determine a tissue state. The
example embodiment can comprise single wavelength
excitation light, scanning of excitation light (illuminating
the tissue at a plurality of wavelengths), detection at a
single wavelength, scanning of detection wavelengths
(detecting emitted light at a plurality of wavelengths), and
combinations thereof. Also provided are correction tech-
niques that reduce determination errors due to detection
of light other than that from fluorescence of a chemical
in the tissue. For example, the reflectance of the tissue
can lead to errors if appropriate correction is not em-
ployed. The embodiment can also comprise a variety of
models relating fluorescence to a measure of tissue
state, including a variety of methods for generating such
models. Other biologic information can be used in com-
bination with the fluorescence properties to aid in the
determination of a measure of tissue state. The embod-
iment also comprises apparatuses suitable for carrying
out the method, including appropriate light sources, de-
tectors, and models (for example, implemented on com-
puters) used to relate detected fluorescence and a meas-
ure of tissue state. For example, the emitted light may
include wavelengths of about 200 nm to about 250 nm;
about 400 nm to about 450 nm, about 450 nm to about
500 nm, about 500 nm to about 550 nm, about 600 nm
to about 650 nm, about 650 nm to about 700 nm, about
700 nm to about 750 nm, and combinations thereof, and
all subranges therebetween each of the above-identified
ranges.
[0040] FIG. 2 is a schematic depicting an example em-
bodiment of an apparatus comprising a confocal setup
(it will be noted that unlike previous apparatuses, the light
path does not encounter any beam splitters or dichroic
mirrors, thereby increasing energy of the light transmis-
sion). In specific embodiments, the returned light can in-
clude fluorescent light generated by the target tissue in
response to the excitation light. The intensity of the re-
turned fluorescent light can be compared to a chronolog-
ically age-related expected intensity of fluorescent light
for individuals that do not have diabetes. Optionally, an
amount that the intensity of the actual returned fluores-
cent light exceeds an expected intensity for returned flu-
orescent light can then be used to determine at least
whether or not an the individual has been experiencing
a medical condition, e.g., diabetes, (i.e., overt diabetes,
pre-diabetes, gestational diabetes, etc.), an eye condi-
tion caused by diabetes, retinopathy, retinal vascular oc-
clusion, vitreoretinopathy, age-related macular degener-
ation, inherited retinal degeneration, pseudotumor cere-
bri, glaucoma, cataracts, etc.
[0041] In an example embodiment, the returned light
can include fluorescent light generated by the AGEs in
the lens of the eye. The intensity of the returned fluores-
cent light can be compared to a chronologically age-re-
lated expected intensity of fluorescent light for individuals
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that do not have diabetes. Optionally, an amount that the
intensity of the actual returned fluorescent light exceeds
an expected intensity for returned fluorescent light can
then be used to determine whether the individual has
been experiencing a medical condition. The temporal
characteristics of the fluorescent light, instead of inten-
sity, can also be detected and used to determine how
long the patient has been experiencing a medical condi-
tion. The temporal characteristics can be analyzed by
any suitable technique including, without limitation, di-
rectly measuring the decay time of the fluorescent emis-
sions, by phase shift techniques, by polarization anisot-
ropy techniques, or by any other method of detecting
temporal characteristics of the fluorescent light.
[0042] In still other example embodiments, the re-
turned light can include backscattered excitation light that
returns from the target tissue. Such embodiments may
utilize the backscattered light alone to make a determi-
nation, or the backscattered light could be used in con-
junction with fluorescent light generated by the target tis-
sue to arrive at a determination. In some embodiments,
a light source for providing excitation light, and a detector
for detecting returned light are arranged as a confocal
system. As previously discussed, such a confocal system
allows one to interrogate small volumes of target tissue
within a larger volume of tissue. Confocal systems allow
measurements to be conducted on volumes of tissue that
are below the surface of a target tissue. Also, patient
specific information could also be taken into account by
an example system or method. For instance, a patient’s
age, sex, and physical characteristics could also be used,
in addition to optical information, to determine how long
a patient has been experiencing a medical condition. This
would allow the system or method to account for age
varying characteristics such as fluorescent intensity.
[0043] In an example embodiment, the excitation light
source comprises a blue light emitting diode (blue LED)
to illuminate a point in the lens of a patient’s eye approx-
imately 50% to 80%, optionally, 60% to 75% inferior from
the front edge of the crystalline eye lens. In this embod-
iment, a blue LED light source produces excitation light
coupled to one or more optical bandpass filters to pro-
duce excitation light having a desired wavelength option-
ally coupled with frequency altering device that may be
a non-linear frequency doubling device, or any other de-
vice capable of changing the frequency of the light pro-
duced by the blue LED light source so that light having
a desired wavelength is generated. The excitation radi-
ation in the appropriate wavelength band is then directed
through an optical delivery system which focuses the ex-
citation light onto a target tissue in the eye of a patient.
Return light, which can include a backscattered portion
of the excitation light and/or fluorescent light produced
in response to the excitation light, is then collected by a
photo detector for analysis. One or more excitation wave-
lengths may be used and one or more fluorescence
wavelengths may be collected.
[0044] In a further example embodiment, provided

herein is a system and method for determining whether
a patient has been experiencing a medical condition by
comparing characteristics of fluorescent emissions from
a target tissue to expected characteristics. For example,
a target tissue is illuminated with excitation light, and flu-
orescent emissions generated by the target tissue in re-
sponse to the excitation light are detected. Different char-
acteristics of the fluorescent emissions, including the flu-
orescent emission intensity or the fluorescent lifetime
may be determined. The determined characteristics of
the detected fluorescent emissions are then compared
to expected characteristics of the fluorescent emissions
or other factors. In some instances, the backscattered
portions of the excitation light may also be used to make
the determination which may provide a more accurate
measurement result, the intensity of the fluorescent light
is normalized, using backscattered excitation light, to ac-
count for a variety of factors. Such factors could include
variations in the opacity of the target tissue, which can
vary with a patient’s age or physical condition.
[0045] In such a system, a detector would be capable
of determining an intensity of the fluorescent light gen-
erated by the target tissue, as well as an intensity of ex-
citation light that is backscattered from a patient’s eye.
Because the fluorescent light will usually have a different
wavelength than the backscattered excitation radiation,
the detector can be configured to detect the intensity of
light returned from the target tissue at the different re-
spective wavelengths for the excitation light and the flu-
orescent light. A ratio of the fluorescent light intensity to
the intensity of the backscattered excitation light is then
determined, thereby normalizing the peak intensity of the
fluorescent component. The normalized fluorescent in-
tensity is then compared to an expected normalized flu-
orescent intensity to determine the duration that the pa-
tient has been experiencing a medical condition.
[0046] Variations in the opacity or transmissivity of the
target tissue (e.g., lens of a patient’s eye) or optical cou-
pling (variations in beam orientation to the eye surface)
can affect the amount of excitation light that is actually
delivered to the target tissue, and the amount of fluores-
cent light that escapes the target tissue and is detected
by the detector. Normalizing the fluorescent light with the
backscattered light creates a measure of the fluorescent
light that automatically accounts for variations in the
amount of excitation light energy actually delivered to the
target tissue, and variations in the amount of fluorescent
light that escapes the patient’s eye after the fluorescent
light is generated. In a particular example embodiment,
where the intensity of fluorescent light returned from the
target tissue is normalized, the Rayleigh/Mie component
of the backscattered excitation light is used for the nor-
malization, so FL Ratio = F (Fluorescence Signal)/ S
(Scattered Signal). Additionally the fluorescent light can
be also normalized by the total returned signal which is
Scatter + Fluorescence. So in that case FL ratio=F/(S+F).
[0047] If two or more scans are taken thru the lens; a
quality checking algorithm can compare multiple scans
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to insure consistent fluorescence, scatter and bandwidth.
See FIG. 4. If two successive scans were required to be
within a certain amount (20% for example) and the results
averaged. The net effect would be to improve device pre-
cision. So by adjusting this consistency threshold the de-
vice precision can be improved increasing the true pos-
itive and true negative reporting rate. In addition, a single
scan or multiple scans can be compared for lens thick-
ness, pupil diameter to the normal range found in humans
are rejected if outside the normal range.
[0048] To align the excitation and emission optics to
the eye for a scan the device must first self align to the
pupil. A video camera is used to locate the subject’s pupil
(FIG. 5). An algorithm creates a circle representing the
pupil. That circle is checked against normal ranges for
the human pupil diameter. And the center of the pupil is
computed, the optics automatically re-align to this com-
puted center. And that pupil center is tracked for move-
ment during the scan. Additionally, the scan thru the lens
can be offset from the center of the pupil to compensate
for clipping of the signal from the Iris.
[0049] Eye motion during a scan can also affect device
performance and precision. So tracking the pupil location
during a scan can be used as a quality metric to reject
scans (see purple color and marks on pupil in FIG. 5).
[0050] The scan thru the lens should have a smooth
parabolic shape. Transients faster than the sample vol-
ume speed thru the lens can be rejected or smoothed
(FIG. 6). So for example if the sample volume were 1mm
long and 2 points within a scan were 0.5mm apart we
would expect the signal level could only change
1mm/2mm or 50% of the maximum value of that scan. If
the transient were larger the erroneous point could be
skipped and interpolated around, or the entire scan re-
jected.
[0051] The duration that a patient has been experienc-
ing a medical condition may be determined based on the
results of the comparison. The characteristics of the flu-
orescent emissions that are detected and compared can
be the intensity of the fluorescent emissions, the lifetime
of the fluorescent emissions, or other characteristics of
the fluorescent emissions that are indicative of duration
that a patient has been experiencing a medical condition.
[0052] Also disclosed is an algorithm for determining
the disease state of an individual by measuring ocular
tissue using Fluorescence at one or more wavelengths
and Rayleigh/Mie back scatter spectroscopy techniques,
optionally in combination, with one or more coefficients
or factors selected from the group consisting of, without
limitation, age, gender, height, weight, body mass index
(BMI), waist circumference, HbA1c, biomarkers (e.g., au-
to antibody), ethnicity, smoking, physical activity, high
blood pressure, high cholesterol, dry eye, family history
of diabetes, cataracts or other diseases. The lens meas-
urements and biomarkers are combined to report a dia-
betes index a cataracts index or other disease indices.
Those factors can be determined by multiple linear re-
gression, Partial Least Squares, or iteratively as node in

a neural network or any other suitable methods. Some
bio-markers may be a weighted binary term (Smok-
er/non-smoker). Some may be linear or non-linear effects
(Age, BMI). By including these other bio-markers the rate
of true positive and true negative can be improved leading
to better patent care and earlier diagnosis of disease
[0053] Suitable biomarkers include, but are not limited
to, any member of the group consisting of flavoprotein,
bacteria, fungi, yeast, spores, virus, microbes, parasites,
connective tissues, tissue components, exudates, pH,
blood vessels, reduced nicotinamide adenine dinucle-
otide (NADH), falvin adenine dinucleotide (FAD), micro-
organisms, vascular endothelial growth factor (VEGF),
endothelial growth factor (EGF), epithelial growth factor,
epithelial cell membrane antigen (ECMA), hypoxia induc-
ible factor (HIF-1), carbonic anhydrase IX (CAIX), lam-
inin, fibrin, fibronectin, fibroblast growth factor, transform-
ing growth factors (TGF), fibroblast activation protein
(FAP), tissue inhibitors of metalloproteinases (TIMPs),
nitric oxide synthase (NOS), inducible and endothelial
NOS, lysosomes in cells, macrophages, neutrophils,
lymphocytes, hepatocyte growth factor (HGF), antineu-
ropeptides, neutral endopeptidase (NEP), granulocyte-
macrophage colony stimulating factor (GM- CSF), neu-
trophil elastases, cathepsins, arginases, fibroblasts, en-
dothelial cells and keratinocytes, keratinocyte growth
factor (KGF), macrophage inflammatory protein-2 (MIP-
2), macrophage inflammatory protein-2 (MIP-2), and
macrophage chemoattractant protein- 1 (MCP-I), poly-
morphonuclear neutrophils (PMN), macrophages, myofi-
broblasts, interleukin-1 (IL-I), tumour necrosis factor
(TNF), nitric oxide (NO), c-myc, beta-catenin, endothelial
progenitor cells (EPCs), matrix metalloproteinases
(MMPs) and MMP inhibitors. In an example embodiment,
memory may be included for recording fluorescence data
of the at least one biomarker, or further comprising a
processor for comparing the fluorescence spectrum of
the at least one biomarker with a predetermined look-up
table of fluorescence spectra of biomarkers.
[0054] An algorithm stored in an embedded computer
subsystem can then be applied to determine likelihood
or presence of a disease state. After generating a disease
state prediction, the embedded computer subsystem will
report a predicted value to the subject. Optionally, the
embedded computer subsystem can report the level of
confidence in the goodness of the predicted value. If the
confidence level is low, the embedded computer subsys-
tem can withhold the predicted disease state and ask the
subject to retest. The classification can be reported vis-
ually on a display, by audio and/or by printed means.
Additionally, the predicted disease state can be stored
in memory in order to form a historical record of the anal-
ysis.
[0055] The embedded computer subsystem can in-
clude at least one central processing unit (CPU) or "proc-
essor", memory, storage, a display and a communication
link. An example of a CPU is the Intel Pentium micro-
processor. The memory can be, for example, static ran-
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dom access memory (RAM) and/or dynamic random ac-
cess memory. The storage can be accomplished with
non-volatile RAM or a disk drive. A liquid crystal display
is an example of the type of display that would be used
in the device. The communication link can be a high
speed serial link, an Ethernet link or a wireless commu-
nication link. The embedded computer subsystem can
produce disease state predictions from the received and
processed interferograms, perform calibration mainte-
nance, perform calibration transfer, run instrument diag-
nostics, store a history of past analysis and other perti-
nent information, and in some embodiments, can com-
municate with remote hosts to send and receive data and
new software updates.
[0056] The embedded computer system can also con-
tain a communication link that allows transfer of the sub-
ject’s prediction records and the corresponding spectra
to an external database. In addition, the communication
link can be used to download new software to the em-
bedded computer, update the multivariate calibration
model, provide information to the subject to enhance the
management of their disease, etc. The embedded com-
puter system is very much like an information appliance.
Examples of information appliances include personal
digital assistants, web-enabled cellular phones and
handheld computers. The communication link can be
used for medical billing based on the number of test per-
formed on each device. It can also be used for customer
service to track failure or error rates on each device.
[0057] In a further example embodiment, a biomicro-
scope apparatus may be configured with, connected to
or in communication with a system for automatically, re-
motely monitoring the operational status of one or more
biomicroscopes disclosed herein each having a compu-
ter therein for determining device status information (e.g.,
usage counts, accounting/billing for usage, account-
ing/billing for usage over contract minimums, hardware
or software error codes, storage or database operations
to the point of failure for remote system diagnostics, cap-
turing services response time until performance is re-
stored, etc.) comprising an interference in the biomicro-
scope to intercept and pass status information from the
computer to an interface for capturing and communicat-
ing the status information to a remote location, commu-
nication link between the interface for capturing and com-
municating information and the remote location, and a
computer at the remote location to process the informa-
tion. The system utilizes a scanner to poll the biomicro-
scope. The scanner, in cooperation with the central com-
puter, can poll and monitor each of the biomicroscopes
at a uniform rate or, when requested by the user at a
central location, vary the poll rate of one or more of the
biomicroscopes to poll the selected biomicroscope with
increased regularity, slowing the polling rate of the other
biomicroscopes, to provide a real-time monitoring of se-
lected biomicroscopes. Depending on the results of a
scan or poll sequence, the system may be configured to
provide sound and voice capabilities so that the operator

is afforded the option to communicate "live" with a cus-
tomer service representative of a vendor or manufacturer
of the biomicroscope to troubleshoot problems. The sys-
tem is configured to utilize centralized computing and
routing and or "cloud" computing or storage.
[0058] As used herein, "determining a disease state"
includes determining the presence or likelihood of dia-
betes; the degree of progression of diabetes; a change
in the presence, likelihood, or progression of diabetes; a
probability of having, not having, developing, or not de-
veloping diabetes; the presence, absence, progression,
or likelihood of complications from diabetes.
[0059] "Diabetes" includes a number of blood glucose
regulation conditions, including Type I, Type II, and ges-
tational diabetes, other types of diabetes as recognized
by the American Diabetes Association (See ADA Com-
mittee Report, Diabetes Care, 2003) and similar govern-
ing bodies, hyperglycemia, impaired fasting glucose, im-
paired glucose tolerance, and pre-diabetes. Ocular tis-
sue reflectance characteristic includes any reflectance
property of tissue that is useful in correction of detected
light found useful for estimating the tissue’s intrinsic Flu-
orescence and Raleigh scattering spectrum.
[0060] A "measure of chemical change due to glycemic
control" means any change in the chemical characteris-
tics of tissue that is due to glycemic control, examples
including concentration, measurements of the presence,
concentration, or change in concentration of glycation
end-products in the ocular tissue; measurements of the
rate or change in the rate of the accumulation of such
end-products;
[0061] A "measure of glycation end-product" means
any measure of the presence, time, extent, or state of
ocular tissue associated with hyperglycemia, including,
as examples, measurements of the presence, concen-
tration, or change in concentration of glycation end-prod-
ucts in tissue; measurements of the rate or change in the
rate of the accumulation of such end-products; measure-
ments of the presence, intensity, or change in intensity
of Fluorescence and the Raleigh back scatter alone or
in combination known to be associated with tissue gly-
cation end-products; and measurements of the rate or
change in the rate of the accumulation of such signal.
When light is described as having a "single wavelength,"
it is understood that the light can actually comprise light
at a plurality of wavelengths, but that a significant portion
of the energy in the light is transmitted at a single wave-
length or at a range of wavelengths near a single wave-
length.
[0062] Advantages of the example embodiments may
be realized and attained by means of the instrumentali-
ties and combinations particularly pointed out in this writ-
ten description. It is to be understood that the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restric-
tive of the claims.
[0063] While example embodiments have been de-
scribed in detail, the foregoing description is in all aspects
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illustrative and not restrictive. It is understood that nu-
merous other modifications and variations can be de-
vised without departing from the scope of the example
embodiment.
[0064] While the example embodiments have been de-
scribed in connection with what is presently considered
to be practical for intended purposes, it is to be under-
stood that the descriptions are not to be limited to the
particular disclosed embodiments, but on the contrary,
is intended to cover various modifications and equivalent
arrangements included within the scope of the example
embodiment. Those skilled in the art will recognize, or
be able to ascertain using no more than routine experi-
mentation, many equivalents to the specific Example em-
bodiments specifically described herein. Such equiva-
lents are intended to be encompassed in the scope of
the claims, if appended hereto or subsequently filed.

Claims

1. A method of detecting Advanced Glycation End-
products (AGEs) in the human eye comprising the
steps of:

(1) illuminating a point on a crystalline lens of
the eye 50 to 80% inferior from a front edge of
the crystalline lens believed to contain AGEs us-
ing a blue LED coupled to one or more optical
bandpass filters to produce excitation light hav-
ing a desired wavelength, the illumination being
made with excitation radiatio, which is directed
through an optical delivery system which focus-
es the excitation light onto said point, to conduct
a scan of the optical reflectance thereof;
(2) detecting a fluorescent radiation emission in-
tensity that is backscattered from the lens or a
fluorescent lifetime of fluorescent radiation gen-
erated by the lens in response to the excitation
radiation at one or more excitation wavelengths,
wherein the fluorescent light is generated by the
AGEs in the illuminated lens of the eye;
(3) comparing the fluorescent emission intensity
that is backscattered from the lens or the fluo-
rescent lifetime of the detected fluorescent ra-
diation to an expected fluorescent radiation
emission; and
(4) determining the formation of AGEs based on
results of the comparing step.

2. The method of claim 1, wherein the detecting step
comprises detecting the fluorescent radiation gen-
erated by the crystalline lens using at least one of
an intensity based technique, a phase-shift tech-
nique, and a polar anisotropy technique.

3. The method according to claim 1, wherein the fluo-
rescent radiation emission intensity that is backscat-

tered from the lens is detected and a component of
the backscattered excitation light is used for a data
normalization step by dividing an F (Fluorescence
Signal) data point by an S (Scattered Signal) data
point of said component, wherein the component is
a Rayleigh/Mie component of the backscattered ex-
citation light.

4. The method according to claim 1, further comprising
a normalization step comprising normalization of the
fluorescent light by dividing fluorescent signal by the
total returned signal consisting of the fluorescent sig-
nal plus the scattered signal.

5. The method according to claim 1, wherein step (2)
comprises illuminating a point on a crystalline lens
of the eye 60 to 75% inferior from a front edge of the
crystalline lens with excitation radiation to conduct a
scan of the optical reflectance thereof.

Patentansprüche

1. Verfahren zum Detektieren von glykierten Reakti-
onsprodukten (Advanced Glycation End Products,
AGE) im menschlichen Auge, umfassend die folgen-
den Schritte:

(1) Beleuchten eines Punkts auf einer kristalli-
nen Linse des Auges 50 bis 80 % unterhalb einer
Vorderkante der kristallinen Linse, von der an-
genommen wird, dass sie AGE enthält, unter
Verwendung einer blauen LED, die mit einem
oder mehreren optischen Bandpassfiltern ge-
koppelt ist, um Anregungslicht mit einer ge-
wünschten Wellenlänge zu erzeugen, wobei die
Beleuchtung mit Anregungsstrahlung erfolgt,
die durch ein optisches Abgabesystem geleitet
wird, das das Anregungslicht auf diesen Punkt
fokussiert, um eine Abtastung des optischen
Reflexionsgrades davon durchzuführen;
(2) Erfassen einer Fluoreszenzstrahlungsemis-
sionsintensität, die von der Linse zurückgestreut
wird, oder einer Fluoreszenzlebensdauer von
Fluoreszenzstrahlung, die von der Linse als Re-
aktion auf die Anregungsstrahlung bei einer
oder mehreren Anregungswellenlängen er-
zeugt wird, wobei das Fluoreszenzlicht von den
AGE in der beleuchteten Linse des Auges er-
zeugt wird;
(3) Vergleichen der Fluoreszenzemissionsin-
tensität, die von der Linse zurückgestreut wird,
oder der Fluoreszenzlebensdauer der erfassten
Fluoreszenzstrahlung mit einer erwarteten Flu-
oreszenzstrahlungsemission; und
(4) Bestimmen der Bildung von AGE basierend
auf den Ergebnissen des Vergleichsschritts.
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2. Verfahren nach Anspruch 1, wobei der Nachweis-
schritt das Erfassen der von der kristallinen Linse
erzeugten Fluoreszenzstrahlung unter Verwendung
von mindestens einer aus einer intensitätsbasierten
Technik, einer Phasenverschiebungstechnik und ei-
ner polaren Anisotropietechnik umfasst.

3. Verfahren nach Anspruch 1, wobei die von der Linse
zurückgestreute Fluoreszenzstrahlungsemissions-
intensität erfasst wird und eine Komponente des zu-
rückgestreuten Anregungslichts für einen Datennor-
malisierungsschritt verwendet wird, indem ein F-Da-
tenpunkt (Fluoreszenzsignaldatenpunkt) durch ei-
nen S-Datenpunkt (Streusignaldatenpunkt) der
Komponente dividiert wird, wobei die Komponente
eine Rayleigh/Mie-Komponente des zurückgestreu-
ten Anregungslichts ist.

4. Verfahren nach Anspruch 1, des Weiteren umfas-
send einen Normalisierungsschritt, der die Normali-
sierung des Fluoreszenzlichts durch Dividieren des
Fluoreszenzsignals durch das gesamte zurückge-
gebene Signal, bestehend aus dem Fluoreszenzsi-
gnal plus dem gestreuten Signal, umfasst.

5. Verfahren nach Anspruch 1, wobei Schritt (2) das
Beleuchten eines Punkts auf einer kristallinen Linse
des Auges 60 bis 75 % unterhalb einer Vorderkante
der kristallinen Linse mit Anregungsstrahlung um-
fasst, um eine Abtastung des optischen Reflexions-
grads davon durchzuführen.

Revendications

1. Procédé de détection de produits terminaux de gly-
cation avancée (PTGA) dans l’oeil humain, compre-
nant les étapes consistant à :

(1) illuminer un point sur un cristallin de l’oeil 50
à 80 % au-dessous d’un bord frontal du cristallin
suspecté de contenir des PTGA, en utilisant une
LED bleue couplée à un ou plusieurs filtres op-
tiques à bande passante pour produire une lu-
mière d’excitation ayant une longueur d’onde
désirée,
l’illumination étant produite par un rayonnement
d’excitation qui est dirigé à travers un système
de transmission optique qui focalise la lumière
d’excitation sur ledit point, afin d’effectuer un ba-
layage de la réflectance optique de celui-ci ;
(2) détecter une intensité d’émission de rayon-
nement fluorescent qui est rétrodiffusée par le
cristallin, ou une durée de fluorescence du
rayonnement fluorescent engendré par le cris-
tallin en réponse au rayonnement d’excitation à
une ou plusieurs longueurs d’onde d’excitation,
la lumière fluorescente étant engendrée par les

PTGA dans le cristallin illuminé de l’oeil;
(3) comparer l’intensité d’émission de fluores-
cence qui est rétrodiffusée par le cristallin ou la
durée de fluorescence du rayonnement fluores-
cent détecté à une émission de rayonnement
fluorescent attendue ; et
(4) déterminer la formation des PTGA sur la ba-
se des résultats de l’étape de comparaison.

2. Procédé selon la revendication 1, dans lequel l’étape
de détection comprend le fait de détecter le rayon-
nement fluorescent engendré par le cristallin en uti-
lisant au moins l’une parmi une technique basée sur
l’intensité, une technique de changement de phase,
et une technique d’anisotropie polaire.

3. Procédé selon la revendication 1, dans lequel on dé-
tecte l’intensité d’émission de rayonnement fluores-
cent qui est rétrodiffusée par le cristallin et on utilise
pour une étape de normalisation de données un
composant de la lumière d’excitation rétrodiffusée
en divisant un point de donnée F (signal de fluores-
cence) par un point de donnée S (signal diffusé) dudit
composant, le composant étant un composant de
Rayleigh/Mie de la lumière d’excitation rétrodiffusée.

4. Procédé selon la revendication 1, comprenant en-
core une étape de normalisation comprenant la nor-
malisation de la lumière fluorescente par division du
signal fluorescent par le signal renvoyé total consti-
tué du signal fluorescent plus le signal diffusé.

5. Procédé selon la revendication 1, dans lequel l’étape
(2) comprend le fait d’illuminer un point sur un cris-
tallin de l’oeil 60 à 75 % au-dessous d’un bord frontal
du cristallin avec un rayonnement d’excitation afin
d’effectuer un balayage de la réflectance optique de
celui-ci.
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