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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, progression and/or severity of dia-
betes mellitus.
[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 β-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 insulin, glu-
cose has difficulty entering cells. In persons with diabetes
mellitus, the pancreas either produces no insulin, too little
insulin to control blood sugar, or defective insulin. Without
insulin, these symptoms progress to dehydration, result-
ing in low blood volume, increased pulse rate, and dry,
flushed, skin. In addition, ketones accumulate in the
blood faster than the body is able to eliminate them
through the urine or exhaled breath. Respiration be-
comes 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] A person with Type 2 diabetes experiences fa-
tigue, increased thirst, frequent urination, dry, itchy skin,
blurred vision, slow healing cuts or sores, more infections
than usual, numbness and tingling in feet. Without treat-
ment, a person with Type 2 diabetes will become dehy-
drated and develop a dangerously low blood volume. If
Type 2 diabetes remains uncontrolled for a long period
of time, more serious symptoms may result, including
severe hyperglycemia (blood sugar over 600 mg) lethar-
gy, confusion, shock, and ultimately "hyperosmolar hy-
perglycemic non-ketotic coma." Persistent or uncon-
trolled hyperglycemia is associated with increased and
premature morbidity and mortality. As such, therapeutic
control of glucose homeostasis, lipid metabolism, obes-
ity, and hypertension are critically important in the clinical
management and treatment of diabetes mellitus.
[0005] Pre-diabetes (i.e. where no overt clinical signs
of diabetes are displayed) can be present for seven or
more years before the detection of glycemic abnormali-
ties and after disease onset and early stage diabetic com-
plications are presented or diagnosed. More aggressive
screening of individuals at risk for diabetes is needed. A
major reason is that no simple and unambiguous labo-
ratory test has existed that can be used to identify those
subjects at risk for developing diabetes or pre-diabetes.
There also is a need to identify subjects with a diabetic
condition, including both pre-diabetic and diabetic sub-
jects, so that they can obtain treatment early, and also
to monitor the progression of the disease over time non-
invasively. Early diagnosis, intensive treatment and con-
sistent long-term follow-up evaluations for diabetic pa-
tients are essential for effective care, which can help pre-
serve vision and significantly lower the risk of blindness.
The diabetes Control and Complications Trial, (DCCT)
in the USA demonstrated if a diabetic can be detected
and brought under glucose control, complications can be
reduced, e.g., (retinopathy) by eighty percent (80%).
Once it becomes apparent that a patient may possibly
develop diabetes, doctors are trained to ask the patient
to return for more tests on a periodic basis to determine
whether the patient’s condition actually develops into the
disease. Doctors have certain protocols about how long
a patient should wait before being recalled for more test-
ing. If a patient has few symptoms suggestive of diabetes,
the patient may not be recalled from more than a year.
If several suggestive symptoms are present, the doctor
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may wish to recall the patient after only a few months.
Unfortunately, there is no diagnostic tool for accurately
predicting how long a patient may have been experienc-
ing diabetic symptoms, or for determining how great the
patient’s risk of actually developing the disease. If such
a tool were available, it would enable a doctor to tailor
his recall and therapy pattern to a patient’s needs.
[0006] Modern diabetes screening and monitoring is a
particularly "puncture-intensive" because diabetics have
to draw blood to test their glucose levels. The only prac-
tical, reliable screening method currently available for
monitoring 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 optimum because they are inconvenient and unpleas-
ant. Both require venous draws and are fasting tests so
they can only be practically administered during morning
appointments 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. Numer-
ous studies have evaluated the performance of each of
these tests in diverse populations. It is believed that ap-
proximately one-half of those with diabetes are misclas-
sified by a single FPG test. In addition, it is believed that
the OGTT suffers from relatively poor reproducibility. In
addition, the HbA1c test reflects longer term 90 day gly-
caemia 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 HbA1c and FPG) have
limited value as reliable indices of long-term glycemic
status.
[0007] Consequently, a rapid, accurate, reliable and
convenient and non-invasive screening test is needed
as a viable alternative to current tests. Ideally, an im-
proved screening test would measure an analyte that is
directly related to progression of the disease and the risk
of complications, and the chemical marker would be in-
variant 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 optometrists will ask the patient to
return for more tests on a periodic basis to determine
whether the patient’s condition actually develops into the
disease or is confirmed to be diabetes. There are certain
protocols about how long a patient should wait before
being recalled for more testing. If a patient has few symp-
toms suggestive of diabetes, then the patient may not be
recalled for more than a year. If several suggestive symp-
toms are present, then the patient may be recalled after
only a few months. It would be useful if there was avail-
able a diagnostic tool and methods for non-invasively

and accurately determining whether a patient is at risk
of actually developing diabetes or actually has diabetes
for immediate confirmation.
[0008] 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 non-invasive measurements. AGEs have
been implicated as causal factors in the complications of
diabetes, including diabetic retinopathy (DR). Protein gly-
cation 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. As a
result, AGEs accumulate naturally during healthy aging,
but at significantly accelerated rates in persons with di-
abetes. Protein glycation and AGE formation are accom-
panied by increased free radical activity that contributes
to the biomolecular damage in diabetes. Levels of AGEs
are positively correlated with the severity of retinopathy,
nephropathy and neuropathy and, as such are an indi-
cator 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 asso-
ciated with pre-diabetes and type 2 diabetes, individuals
who are in the early stages of this continuum will accu-
mulate AGEs at higher than normal rates in their tissues.
Thus, given sufficient assay sensitivity, an accurate AGE
measurement in an individual offers the promise to detect
early departure from normal glycemia. Currently, AGEs
are assayed by invasive procedures requiring a biopsy
specimen, and consequently are not used in diabetes
screening or diagnosis.
[0009] 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
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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.
[0010] Advances in fluorescence spectroscopy of the
ocular lens has revealed a potential for a non-invasive
device and method to sensitively measure changes in
the lens of the eye associated with diabetes mellitus. The
system relies on the detection of the spectrum of fluores-
cence emitted from a selected volume (about 1/10 mm3

to about 3mm3 or more) of the lens of living human sub-
jects using low power excitation illumination from mono-
chromatic light sources. The sensitivity of this technique
is based on the measurement of the fluorescence inten-
sity in a selected region of the fluorescence spectrum
and normalization of this fluorescence with respect to
attenuation (scattering and absorption) of the incident
excitation light. The amplitude of the unshifted Rayleigh
line, measured as part of the fluorescence spectrum, is
used as a measure of the attenuation of the excitation
light in the lens. Using this methodology it is believed that
the normalized lens fluorescence provides a more sen-
sitive discrimination between diabetic and non-diabetic
lenses than more conventional measurements of fluo-
rescence intensity from the lens. Results from such clin-
ical measurements could be used to describe a relation-
ship between normalized lens fluorescence and hemo-
globin A1c levels in diabetic patients.
[0011] Optical spectroscopy offers one potential ave-
nue of early, non-invasive detection of diabetes by quan-
tifying AGEs in the lens of the eye or other tissues. In
spectroscopy, a machine fires a laser or other light on
the skin or in the eye. Fluorescence spectroscopy (a.k.a.
fluorometry or spectrofluorometry), is a type of electro-
magnetic spectroscopy that analyzes fluorescence from
a sample by detecting the presence of certain molecules
by measuring their reflected or emitted light. In fluores-
cence spectroscopy, the species is first excited, by ab-
sorbing 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
molecule to lose vibrational energy until it reaches the
lowest vibrational state of the excited electronic state.
The molecule then drops down to one of the various vi-
brational levels of the ground electronic state again, emit-
ting a photon in the process. As different molecule spe-
cies may drop down from different vibrational levels to
the ground state, the emitted photons will have different
energies, and thus frequencies. Those photons that are
reflected from particles surfaces or refracted through
them are called "scattered". Scattered photons may en-
counter another grain or be scattered away from the sur-

face so they may be detected and measured. Every mol-
ecule has a signature structure that reflects light at a spe-
cific wavelength; all glucose molecules share a unique
signature that’s entirely different from other blood com-
ponents such as hemoglobin. 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 question. Therefore, by analyzing the different frequen-
cies of light emitted in fluorescent spectroscopy, along
with their relative intensities, the structure of the different
vibrational levels can be determined.
[0012] Fluorescence-based systems rely on the pro-
pensity of certain cell components, known as fluoro-
phores (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 fluorophores
is exceedingly small (on the order of nanowatts) requiring
an extremely sensitive photodetection system. The basic
function 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.
[0013] If AGEs are illuminated by light from 300-500
nm, then 400-700 nm fluorescence is emitted. Certain
early metabolic changes may be detected by fluores-
cence spectroscopy as AGEs develop. Reflectance tech-
niques attempt to characterize tissue by measuring the
amount and wavelengths of light reflected back to a sen-
sitive photodetector when the tissue (e.g., lens of the
eye) is exposed to a light source. Fluorescence and re-
flected light measurements are analyzed using compu-
ter-based algorithms; however, these systems have not
been studied extensively. Non-invasive ocular fluores-
cence measurements have been investigated on numer-
ous occasions for diabetes screening and AGE quanti-
tation.
[0014] 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.
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[0015] 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.
[0016] 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.
[0017] There is known at least one attempt to produce
a commercial grade non-invasive diabetes detec-
tion/screening device that measures crystalline lens flu-
orescence, known as the Accu-Chek D-Tector. The Ac-

cu-Chek-D-Tector is essentially a confocal microscope
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 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 illumi-
nated spot is then re-collected by the objective lens (col-
lector). 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.
[0018] 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, the patient was required to self-align to the device
via a fixation system that made it difficult and time-con-
suming.
[0019] 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.
[0020] Typically, a non-invasive apparatus uses some
form of spectroscopy to acquire the signal or spectrum
from the body. Spectroscopic techniques include but are
not limited to Raman and Rayleigh fluorescence, as well
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as techniques using light from ultraviolet through the in-
frared [ultraviolet (200 to 400 nm), visible (400 to 700
nm), near-infrared (700 to 2500 nm or 14,286 to 4000
cm-1), and infrared (2500 to 14,285 nm or 4000 to 700
cm-1)]. It is important to note, that these techniques are
distinct from the traditional invasive and alternative inva-
sive techniques listed above in that the sample analyzed
is a portion of the human body in-situ, not a biological
sample acquired from the human body.
[0021] 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

[0022] Various exemplary embodiments of an inven-
tion are now described with or without reference to a fig-
ure where like references indicate identical or functionally
similar elements. The example embodiments, as gener-
ally described and illustrated in the figures herein, could
be arranged and designed in a wide variety of different
configurations. Thus, the following more detailed de-
scription of exemplary embodiments, as described
and/or represented in the figures, is not intended to limit
the scope of the subject matter claimed, but is merely
representative of the exemplary/example embodiments.
[0023] The invention is defined solely in independent
claim 1 and the dependent claims 2 - 13.
[0024] 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.
[0025] 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
"containing" are to be construed as open-ended terms
(i.e., meaning "including, but not limited to,") unless oth-
erwise noted.
[0026] 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.
[0027] 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.
[0028] 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.
[0029] 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.
[0030] The phrase "based on" does not mean "based
only on," unless expressly specified otherwise. In other
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words, the phrase "based on" describes both "based only
on" and "based at least on."
[0031] 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.
[0032] 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.
[0033] 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, for example, disease state
predictions from collected data, perform calibration main-
tenance, perform calibration transfer, run instrument di-
agnostics, store a history of past analysis and other per-
tinent information, and in some embodiments, can com-
municate with remote hosts to send and receive data and
new software updates. 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.
[0034] 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.
[0035] 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.
[0036] "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.
[0037] 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.
[0038] 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. In case of conflict,
the present specification, including explanations of
terms, will control. In addition, the materials, methods,
and/or examples are illustrative only and not intended to
be limiting.
[0039] Some features of the embodiments disclosed
herein may be implemented as computer software, elec-
tronic hardware, or combinations of both. To illustrate
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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
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.
[0040] 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.
[0041] 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.
[0042] "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 Rayleigh scattering spectrum.
[0043] 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;
[0044] 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 Rayleigh 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.
[0045] By way of example, there exist a number of non-
invasive approaches for analyte concentration determi-
nation. These approaches vary widely, but have at least
two common steps. First, an apparatus is used to acquire
a reading from the body without obtaining a biological
sample. Second, an algorithm converts this reading into
an analyte (e.g., glucose) concentration estimation. One
example of non-invasive analyte concentration analyzers
includes those based upon the collection and analysis of
spectra. Typically, a noninvasive apparatus uses some
form of spectroscopy to acquire the signal or spectrum
from the body. Spectroscopic techniques include but are
not limited to Raman and fluorescence, as well as tech-
niques using light from ultraviolet through the infrared
[ultraviolet (200 to 400 nm), visible (400 to 700 nm), near-
infrared (700 to 2500 nm or 14,286 to 4000 cm-1), and
infrared (2500 to 14,285 nm or 4000 to 700 cm-1)]. A
particular range for non-invasive analyte determination
in diffuse reflectance mode is about 1100 to 2500 nm or
ranges therein. It is important to note, that these tech-
niques are distinct from the traditional invasive and alter-
native invasive techniques listed above in that the sample
analyzed is a portion of the human body in-situ, not a
biological sample acquired from the human body.
[0046] Three modes are generally used to collect non-
invasive scans: transmittance, transfiectance, and/or dif-
fuse reflectance. For example the light, spectrum, or sig-
nal collected is light transmitted through a region of the
body, diffusely transmitted, diffusely reflected, or trans-
flected. Transflected refers to collection of the signal not
at the incident point or area (diffuse reflectance), and not
at the opposite side of the sample (transmittance), but
rather at some point or region of the body between the
transmitted and diffuse reflectance collection area. For
example, transflected light enters the fingertip or forearm
in one region and exits in another region. When using
the near-infrared to sample skin tissue, the transflected
radiation typically radially disperses 0.2 to 5 mm or more
away from the incident photons depending on the wave-
length used. For example, light that is strongly absorbed
by the body, such as light near the water absorbance
maxima at 1450 or 1950 nm, is collected after a small
radial divergence in order to be detected and light that is
less absorbed, such as light near water absorbance mini-
ma at 1300, 1600, or 2250 nm is, optionally, collected at
greater radial or transflected distances from the incident
photons.
[0047] The herein described example embodiments
constitute an improvement of one or more of the methods
and apparatuses (purportedly depicting the above-men-
tioned Accu-Chek D-Tector design) disclosed in the fol-
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lowing 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 radiationgenerated 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. Pat. No. 5,442,412 entitled "Patient Responsive
Eye Fixation Target Method And System" discloses
a biofeedback method and system for providing eye
position feedback to a patient. Accordingly, a ring of
visible light centered about an optical axis at a per-
ceived first position and a dot of visible light centered
on the same optical axis at a perceived second po-
sition. As perceived by the eye, the ring’s first position
is closer to the eye than the dot’s second position.
An eye movement sensor detects a quantifiable
amount of eye movement to generate an error signal.

The error signal is used to adjust the dot’s appear-
ance whenever the patient needs to realign the eye’s
visual axis with the optical axis of the dot and the ring.

[0048] 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.
[0049] The eye 10 consists of four quadrants in relation
to the optic nerve head: (a) a temporal portion, which
consists 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 portion, which consists of the quadrant below the
optic nerve head. In one aspect, measurements of a par-
ticular quadrant or quadrants of the ocular lens, i.e., tem-
poral, superior, nasal, and/or inferior, can be collect-
ed/used to generate data on the structural features of the
eye. In other words, in a example method for optical de-
tection of AGE’s in the lens of a subject’s eye, the sub-
ject’s eye may be exposed to a fixation point. Exposing
the subject’s eye to an excitation light source may com-
prise 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 limita-
tion, the retina, the vitreous, the corona, etc.
[0050] In an example embodiment, an eye lens fluo-
rescence biomicroscope is provided for use by ophthal-
mologists, optometrists and other healthcare profession-
als trained in routine eye exam, which is configured to
aid in the diagnosis of diseases that affect the structural
properties of the lens. The instrument comprises an op-
toelectronic unit and a computerized system of data ac-
quisition and processing.
[0051] FIG. 2 through 5A depict perspective, top and
side views, respectively, of an example embodiment, for
an example biomicroscope having an optical system,
which comprises a blue LED illumination light source,
confocal illumination and collector optics with an ability
to scan a volume of measurement through the lens, anal-
ysis filters and detectors that measure both lens autoflu-
orescence and scattered light from the sampling region.
In addition, there is a red blinking LED target fixation light
positioned within red blinking concentric rings to aid the
patient in self-alignment, three IR LED lights to illuminate
the eye, and a video camera. Specifically, the compo-
nents of the optics unit include:

1. Biomicroscope light source

a. Blue (e.g., 465 nm) LED excitation light
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b. Aperture

c. Band pass filter (430 - 470 nm)

2. Biomicroscope focusing optics

a. Source lens
b. Collection lens with IR blocking filter

3. Biomicroscope light detector

a. Silicon Photomultiplier with preamplifier, Pel-
tier cooler, and power supplies.
b. Front surface mirror.
c. Stepper motor driven filter wheel with 25%
neutral density, and long pass (500-1650 nm)
filters.

4. Positioning optics

a. Red blinking LED - fixation light, viewed within
red blinking concentric rings provided by the lu-
men of a LED fixation tube (highlighted via dark-
er lines in Figs.3 and 4.
b. Three IR LED lights for camera illumination
c. IR sensitive CCD video camera for positioning
the pupil

5. A fluorescence reference target that can be posi-
tioned in the optical path during the self-test proce-
dure at start up.

[0052] In an example embodiment, there is provided
automatic tracking program for positioning the pupil of a
patient’s eye. The operator (e.g., health care professional
or assistant) positions the subject’s eye so that it is in
focus on the computer screen and the system automat-
ically aligns its optical axis before a measurement is tak-
en. The operator knows the eye is being tracked the pupil
tracker system because radial lines appear within the
circle surrounding the pupil on the screen and a smaller
circle appears within the pupil. The patient is instructed
to close and open the eye (to wet the cornea with a tear
film) to reduce blinking, and the operator clicks on the
start icon to begin the scan. A blue LED light source is
focused to achieve a converging excitation beam of blue
light which is initially positioned just behind the posterior
lens capsule. The collection optics are confocally aligned
within a 1 mm diameter and 3 mm long volume of meas-
urement that is scanned through. Below are Figures de-
picting example embodiments that show or identify var-
ious views and features discussed herein.
[0053] In an exemplary embodiment, the major func-
tional components of are an optics unit and a laptop per-
sonal computer running any suitable operating system.
The only components that contact a patient are shown
in the perspective view figure below, namely a manually
adjustable headrest (in/out) and a motorized adjustable

chin rest (up/down). The motorized adjustable optics win-
dow (right/left motion) does not contact the patient.
[0054] In operation, an example embodiment is con-
figured to project a focused beam of blue light on the lens
of a patient and measures the autofluorescent green light
from the lens non-invasively. To adjust the measurement
for the effect of absorption of blue light by the lens, the
example fluorescence biomicroscope is configured to
measure scattered blue light and computes the ratio of
autofluorescent to scattered light ("fluorescence ratio").
The clinician can compare the fluorescence ratio of a
patient with the expected range of fluorescence ratios for
the patient’s age. By identifying patients with fluores-
cence ratios significantly higher than expected, a clinician
can identify patients with signs of degenerative structural
changes in the lens, identify potential risk of chronic sys-
temic diseases in conjunction with the other data collect-
ed in a routine eye examination, and institute appropriate
patient management plans.
[0055] In an exemplary system and method, the lens
of the eye is illuminated with excitation light, and fluores-
cent emissions generated by the lens tissue in response
to the excitation light are detected. Different characteris-
tics of the fluorescent emissions, including the fluores-
cent emission intensity or the fluorescent lifetime may be
determined. The determined characteristics of the de-
tected fluorescent emissions are then compared to ex-
pected characteristics of the fluorescent emissions. The
amount that the detected fluorescent characteristics de-
viate from the expected fluorescent characteristics is
used to determine a duration that a patient has been ex-
periencing a medical condition. In some instances, the
backscattered portions of the excitation light may also be
used to make the determination. Measuring the AGE in-
tensity in a subject’s eye lens may provide further bene-
fits. For example, if multiple measurements are made
over time, these measurements may be used to monitor
the subject’s response to dietary intervention strategies,
nutritional supplementation, drugs, reduction of external
oxidative stress factors such as smoking and/or other
factors. Additionally, measuring the AGE intensity or se-
verity of a subject’s lens may provide a research tool for
investigating correlations between AGEs and diseases
in large subject populations.
[0056] In an example embodiment, a patient is posi-
tioned with its forehead centered on a headrest which is
adjustable via a headrest knob. The patient’s eye is illu-
minated by three near-infrared 880 nm LED lights and
observed by an IR sensitive CCD video camera. An im-
age of the eye is displayed on a computer screen to assist
the operator in the alignment of the patient. The headrest
is configured to be adjusted manually to bring the corneal
plane of the patient eye close to an optics window so that
the eye is in focus in the camera image visible on the
computer screen. The patient is instructed to self-align
by centering the red blinking LED fixation light with the
surrounding red blinking concentric rings. Using a com-
puter interface, the operator can adjust a chin rest vertical
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position and horizontal position of the optics window to
enable the patient to sit comfortably with the fixation tar-
get properly positioned. The operator adjusts the optics
window and chin rest by clicking arrow icons on the com-
puter screen, which control stepper motors.
[0057] In a further exemplary embodiment, the optical
path is aligned with the eye of the subject by moving a
chin rest, headrest, and the optical axis until the target
is centered in the pupil and the iris is brought into focus.
The appropriate focus is determined by an IR camera
viewed by an operator (health care worker). The patient
fixates on a target to ensure stability of the eye and re-
laxation of accommodation. The target remains visible
during the scan.
[0058] The computer is configured to include software
to control an automatic tracking program for positioning
the pupil. The operator positions the patient’s eye so that
it is in focus on the screen and the system automatically
aligns its optical axis before a measurement is taken. As
the patient eye is tracked, radial lines appear within an
alignment circle surrounding the pupil on the computer
screen and a smaller circle appears within the pupil. The
patient is then instructed to close and open the eye (to
wet the cornea with a tear film) to reduce blinking, and
the operator clicks on the start icon to begin the scan. A
blue LED light source is focused to achieve a converging
excitation beam of blue light, which is initially positioned
just behind the posterior lens capsule. Collection optics
are confocally aligned within a 1 mm diameter and 3 mm
long volume of measurement that is scanned through the
lens in 0.31 mm steps. In the eye, blue light is scattered
by elastic (Rayleigh scattering) and inelastic (fluores-
cent) interactions with lens proteins (such as AGEs).
[0059] In the detection path, a filter rejects red and in-
frared light from the positioning infrared LED. A rotating
filter wheel alternately chops the beam into blue and
green (primarily Rayleigh scattered) and green (fluores-
cent) segments. The alternating scattered and fluores-
cent light is focused on a highly sensitive silicon photo-
multiplier and the signals are sent to the A/D converter
on the optics control board and then to the computer.
[0060] Under software control, the volume of measure-
ment at the focal points of the light source and detector
is scanned from just behind the posterior lens capsule,
through the lens, through the anterior lens capsule to the
aqueous humor, and then back again. Computer soft-
ware records both scattered and fluorescent light during
the forward and reverse scan and constructs a graph of
each that is displayed on the computer monitor. Software
detects the front and back surfaces of the lens capsule
on the graph, estimates the apparent thickness of the
lens, and computes the average of the ratio of lens
autofluorescence to scattered light in the central portion
of the lens. The software checks that the apparent lens
thickness is within a physiological range. Software also
detects anomalies in the scan, such as eye blinks, which
could cause an inaccurate measurement, or excessive
difference between the two scans. For valid scans, the

fluorescence ratio is reported; otherwise, for anomalous
scans, an error code is reported on the computer monitor
and the fluorescence ratio is not reported. In the case of
an error code, the clinician can then re-scan the eye. If
the scan is valid, the software program produces a report
that is displayed on the screen and that can be printed
for the patient and/or for the patient’s file. The scan data
is also automatically saved on the computer’s hard disk.
[0061] In this example embodiment, there is an advan-
tageous fixation target system configuration that ad-
dresses another drawback of the Accu-Chek D-Tector,
namely that during use, patients are seated and asked
to position their forehead on a stationary head rest pro-
vided and to look at a visual fixation target located therein.
Insofar as patient/system interaction is concerned, any
voluntary or involuntary movement of the patient’s eye
during treatment can significantly alter the alignment of
the eye relative to the accuracy of the detection. It is
necessary, therefore, for the patient to his eye stationary
during the test. The purpose of the fixation target system
is to assure that the patient is looking along a desired
line of sight within narrow limits and to assure that the
location of the eye when viewed by the instrument cam-
era is well defined. This is done by presenting a visual
fixation target to the patient such that the patient’s eye
is rotated superiorly and nasally at desired angles. The
visual fixation target encourages the patient to fixate on
the target. The optical axis of the patient’s line of sight is
displaced about 15 degrees up and about 15 degrees
inward to avoid specular reflections from the eye to affect
the fluorescence measurement.
[0062] At first, the target may not be visible to the pa-
tient because the optical axis is not sufficiently aligned
to the eye. The operator, while viewing the patient’s eye
displayed on the computer screen, brings the viewing
and illumination optics into the central region of the eye
by adjusting the push-button controls on the computer
screen. In the Accu-Chek D-Tector, the patient fixates
on a 0.5mm dia. red LED target located at a distance of
about 150 mm, which is viewed through a 4 mm dia.
aperture. Patients typically have trouble locating the ap-
erture and the LED target because of the accuracy of the
narrow angle required to even see the LED target be-
cause the patient is essentially being asked to look at the
LED target through a straw when he can’t even see the
near end of the straw and no visual cues as to where to
move his head and where to look to achieve alignment.
The anterior and posterior capsule boundaries are auto-
matically noted as the eye is scanned along the visual
axis of the lens. Having located the positions of the front
and rear of the lens the system then scans along the
visual axis of the lens selecting points from which fluo-
rescence data are recorded.
[0063] In another example embodiment, which may
provide a more accurate measurement result, the inten-
sity of the fluorescent light is normalized, using backscat-
tered excitation light, to account for a variety of factors.
Such factors could include variations in the opacity of the
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target tissue, which can vary with a patient’s age or phys-
ical condition. In such a system, a detector would be ca-
pable of determining an intensity of the fluorescent light
generated by the target tissue, as well as an intensity of
excitation 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 a duration that the patient
has been experiencing a medical condition.
[0064] Variations in the opacity or transmissivity of the
target tissue (e.g., lens of a patient’s eye) can affect the
amount of excitation light that is actually delivered to the
target tissue, and the amount of fluorescent light that es-
capes 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 au-
tomatically accounts for variations in the amount of ex-
citation light energy actually delivered to the target tissue,
and variations in the amount of fluorescent light that es-
capes the patient’s eye after the fluorescent light is gen-
erated. In a particular example embodiment, where the
intensity of fluorescent light returned from the target tis-
sue is normalized, the Rayleigh component of the back-
scattered excitation light is used for the normalization.
[0065] Alternatively, a simpler embodiment may be
constructed that is configured to measure the fluores-
cence component alone and not measure or normalize
to the back scattered signal, thereby eliminating the need
for a filter wheel. Fluctuations in the intensity of the LED
over time for this configuration may require a reference
detector or calibration target within the device. Fluores-
cence can be measured at a specific time/delay after the
excitation pulse (typically 1-10ns) which eliminates the
need for a band pass filter, just a delay on the detector
measurement. Further, a Dichroic beam splitter arrange-
ment can be used in place of the filter wheel to separate
the fluorescence and scatter signals for measurement
on separate detectors and thereby save space.
[0066] An aperture can be used on the excitation and
collection optics to control the size of the sample volume
created within the human lens. The sample volume
should be maximized to increase the number of photons
and SNR of the measurement, but should be no larger
than the human lens (3-5mm thick).
[0067] The need for motion control for tracking of the
pupil can be eliminated by a handheld configuration that
is stabilized on the subject by use of a suitable means,
such as an eyecup or forehead rest. In use, an operator
manually positions a video target on the pupil. The optics
elements would be configured to continually or singly

scan through the human lens using a mechanical oscil-
lator (e.g., voice coil, piezo, motion stage), and there pro-
viding a capability to analyze each scan and alerting the
operator when a successful scan is captured. An excita-
tion, collection and video axis can be combined to share
a common lens, which can more easily be scanned.
[0068] In a further embodiment, an array of LED and
detector pairs can be configured to form an array of sam-
ple volumes so no mechanical movement is needed for
scanning sample volumes. Optimal sample volumes can
thereby be selected from a given LED/detector pair.
[0069] Further, it would desirable to have a portable,
handheld, robust, cost-effective, non-invasive and rapid
imaging-based method or device configured for detection
of a fluorescence signal with Rayleigh or Raman scatter-
ing from a "volume of measurement" where, for example,
confocal beams of light intersect for objectively assessing
ocular tissues. Such a method or device would detect
changes at the biological, biochemical and cellular levels
for rapidly, sensitively and non-invasively detecting or
diagnosing the earliest presence of pre-diabetic condi-
tions. Such a portable method, device or instrument as
described herein would have commercial potential.
[0070] Having determined which wavelength to use for
the source and which portion of the recorded spectrum
to examine to measure the fluorescent response, it is
possible to design a much simpler, dedicated system,
capable of making the same measurement. This would
be accomplished by using custom optics to both deliver
and collect the light, one achieves a direct optical path
through, for example, a suitable configuration of optical
filters and dichroic beam splitters to discrete photo-de-
tectors. In comparison to the fiber coupled spectrometer
and diode array, optical efficiency may be increased by
several orders of magnitude.
[0071] In a further exemplary embodiment, a portable
(handheld) device may generally comprise the following
features: (i) one or more excitation/illumination light
sources and (ii) a detector device (e.g., a digital imaging
detector device, or (detection of a fluorescence signal
with Rayleigh or Raman scattering from a "volume of
measurement" where confocal beams intersect) which
may be combined with one or more optical emission fil-
ters, or spectral filtering mechanisms, and which may
have a view/control screen (e.g., a touch-sensitive
screen), image capture and zoom controls. The device
may also have: (iii) a wired and/or wireless data transfer
port/module, (iv) an electrical power source and pow-
er/control switches, and/or (v) an enclosure, which may
be compact and/or light weight, and which may have a
mechanism for attachment of the detector device and/or
a handle grip. With an on board battery and rechargeable
AC/DC thru a wire or non-wire proximal connected charg-
er base unit. The excitation/illumination light sources may
be LED arrays emitting light at any suitable wavelength(s)
(as described above), such as, without limitation, at about
430 to about 470 nm, and may be coupled with additional
band-pass filters to remove/minimize the side spectral
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bands of light from the LED array output so as not to
cause light leakage into the imaging detector with its own
optical filters. The digital imaging detector device may be
a digital camera, for example having at least an ISO800
sensitivity, but more preferably an ISO3200 sensitivity,
and may be combined with one or more optical emission
filters, or other equally effective (e.g., miniaturized)
mechanized spectral filtering mechanisms (e.g., acous-
to-optical tunable filter or liquid crystal tunable filter). The
digital imaging detector device may have a touch-sensi-
tive viewing and/or control screen, image capture and
zoom controls. The enclosure may be an outer hard plas-
tic or polymer shell, enclosing the digital imaging detector
device, with buttons such that all necessary device con-
trols may be accessed easily and manipulated by the
user. Miniature heat sinks or small mechanical fans, or
other heat dissipating devices may be imbedded in the
device to allow excess heat to be removed from the ex-
citation light sources if required. The complete device,
including all its accessories and attachments, may be
powered using standard AC/DC power and/or by re-
chargeable battery pack. The complete device may also
be attached or mounted to an external mechanical ap-
paratus (e.g., tripod, or movable stand with pivoting arm)
allowing mobility of the device within a clinical room with
hands-free operation of the device. Alternatively, the de-
vice may be provided with a mobile frame such that it is
portable. The device may be cleaned using moist gauze
wet with water, while the handle may be cleansed with
moist gauze wet with alcohol and be composed of any
suitable anti-bacterial hard plastic. The device may in-
clude software allowing a user to control the device, in-
cluding control of imaging parameters, visualization of
images and fluorescence and Rayleigh scatter as one
objective value, storage of image data or measured value
and user information, transfer of images and/or associ-
ated data, and/or relevant image analysis (e.g., diagnos-
tic algorithms) and detection of a fluorescence signal with
Rayleigh or Raman scattering from a "volume of meas-
urement" where the confocal beams intersect,.
[0072] With an increase in detection efficiency, source
intensity may be correspondingly lowered by employing
a low power, short arc lamp, with appropriate optics and
an optical filter can provide enough optical power. Other
suitable sources include laser diodes coupled to frequen-
cy doubling device, blue LEDs and filtered, special pur-
pose incandescent lamps. To exclude specular reflec-
tions from the detectors, polarization filters are proposed
for both transmit and receive optics. In addition, the elec-
tronics associated with the detection and processing
comprise two analog preamps used with the detectors,
and a single chip microcontroller equipped with onboard
analog to digital (A/D) conversion. Embedded firmware
would direct the operator through a measurement event
and then either display the processed measurement in-
formation on the systems own digital display, or log this
data to a computer via a serial interface, for example.
[0073] A device and method for fluorescence-based

monitoring is disclosed, in some aspects, the device com-
prises an optical (e.g., fluorescence and/or reflectance)
device for real-time, non-invasive imaging of biochemical
and/or organic substances. This device may be compact,
portable, and/or hand-held, and may provide high- res-
olution and/or high-contrast images. This imaging device
may rapidly and conveniently provide the clinician/health
care worker with valuable biological information of the
ocular region. The device may also facilitate image-guid-
ed collection of swab/biopsy samples, imaging of exog-
enous molecular biomarker-targeted and activated opti-
cal (e.g., absorption, scattering, fluorescence, reflect-
ance) Also capable of detecting fluorescent marked ther-
apeutic agents to measure drug interactions and thera-
peutic compliance, contrast agents either in vivo or ex
vivo. and may permit longitudinal monitoring of therapeu-
tic response for adaptive intervention in diabetes man-
agement. By exploiting wireless capabilities with dedi-
cated image analysis and diagnostic algorithms, the de-
vice may be integrated seamlessly into telemedicine
(e.g., E-health) infrastructure for remote- access to spe-
cialists in health care. Such a device may also have ap-
plications outside diabetes or eye care, including early
detection of cancers, monitoring of emerging photody-
namic therapies, detection and monitoring of stem cells,
and as an instrument in the dermatology and cosmetol-
ogy clinics, in addition to other applications.
[0074] In some aspects, there is provided a device for
fluorescence-based imaging and detection of a fluores-
cence signal with Rayleigh or Raman scattering from a
"volume of measurement" where confocal beams inter-
sect and monitoring of a target comprising: a light source
emitting light for illuminating the target, the emitted light
including at least one wavelength or wavelength band
causing at least one biomarker associated with the target
to fluoresce; and a light detector for detecting the fluo-
rescence. In other aspects, there is provided a kit for
fluorescence-based imaging and monitoring of a target
comprising: the device as described above; and a fluo-
rescing contrast agent for labeling the biomarker at the
target with a fluorescent wavelength or wavelength band
detectable by the device. In still other aspects, there is
provided a method for fluorescence-based imaging and
monitoring a target comprising: illuminating the target
with a light source emitting light of at least one wavelength
or wavelength band causing at least one biomarker to
fluoresce; and detecting fluorescence of the at least one
biomarker with an image detector.
[0075] One example embodiment of the apparatus is
a portable optical digital imaging device. The device may
utilize a combination of white light, ocular tissue fluores-
cence and reflectance imaging, and may provide real-
time assessment, recording/documenting, monitoring
and/or care management. The device may be hand-held,
compact and/or light-weight. This device and method
may be suitable for monitoring of ocular tissues in hu-
mans and animals. Without limitation, the device may
include a power supply such as an AC/DC power supply,
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a compact battery bank, or a rechargeable battery pack.
Alternatively, the device may be adapted for connecting
to an external power supply. The device may be hard-
ened or contain suitable shock absorbing features for
drop and shock wear and tear experienced for military
field applications.
[0076] All components of the exemplary digital imaging
and detection of a fluorescence signal with Rayleigh or
Raman scattering from a "volume of measurement"
where the confocal beams intersect device may be inte-
grated into a single structure, such as an ergonomically
designed enclosed structure with a handle, allowing it to
be comfortably held with one or both hands. The device
may also be provided without any handle. The device
may be lightweight, portable, and may enable real-time
digital imaging and detection of a fluorescence signal with
Rayleigh or Raman scattering from a "volume of meas-
urement" where the confocal beams intersect (e.g., still
and/or video) of any target surface using blue or white
light, fluorescence and/or reflectance imaging modes.
[0077] The device may be scanned across the eye tis-
sue surface for imaging by holding it at variable distances
from the surface, and may be used in a lit environ-
ment/room to image white or blue light reflectance/fluo-
rescence. The device may be used in a dim or dark en-
vironment/room to optimize the tissue fluorescence sig-
nals, and minimize background signals from ambient
lights. The device may be used for direct (e.g., with the
unaided eye) or indirect (e.g., via the viewing screen of
the digital imaging device) visualization of ocular tissues
(e.g., lens of the eye) and surrounding tissues (e.g., ret-
ina, vitreous, etc.). The device may have a suitable hous-
ing that houses all the components in one entity or as a
modular unit intergrated into another device like a surgi-
cal microscope or auto refractor. The housing may be
equipped with a means of securing any digital imaging
device within it. The housing may be designed to be hand-
held, compact, and/or portable. The housing may be one
or more enclosures.
[0078] An example of a handheld portable device for
fluorescence-based monitoring is described below. All
examples are provided for the purpose of illustration only
and are not intended to be limiting. Parameters such as
wavelengths, dimensions, and incubation time described
in the examples may be approximate and are provided
as examples only.
[0079] In this exemplary embodiment, the device uses
two violet/blue light (e.g., 430-470 nm run +/-10 run emis-
sion, narrow emission spectrum) LED arrays, each situ-
ated on either side of the imaging detector assembly as
the excitation or illumination light sources. These arrays
have an output power of approximately 1 Watt each, em-
anating from a 2.5 x 2.5 cm2, with a 70-degree illuminat-
ing beam angle. The LED arrays may be used to illumi-
nate the ocular tissue surface from a distance of about
10 cm, which means that the total optical power density
on the tissue surface is about 0.08 W/cm2. At such low
powers, there is no known potential harm to the eyes

from the excitation light.
[0080] The one or more light sources may be articulat-
ed (e.g., manually) to vary the illumination angle and spot
size on the imaged surface, for example by using a built
in pivot, and are powered for example through an elec-
trical connection to a wall outlet and/or a separate port-
able rechargeable battery pack. Excitation/illumination
light may be produced by sources including, but not lim-
ited to, individual or multiple light-emitting diodes (LEDs)
in any arrangement including in ring or array formats,
wavelength-filtered light bulbs, or lasers. Selected single
and multiple excitation/illumination light sources with
specific wavelength characteristics in the ultraviolet (UV),
visible (VIS), far-red, near infrared (NIR) and infrared (IR)
ranges may also be used, and may be composed of a
LED array, organic LED, laser diode, or filtered lights
arranged in a variety of geometries. Excitation/illumina-
tion light sources may be ’tuned’ to allow the light intensity
emanating from the device to be adjusted while imaging.
The light intensity may be variable. The LED arrays may
be attached to individual cooling fans or heat sinks to
dissipate heat produced during their operation. The LED
arrays may emit any suitable wavelength or wavelengths
of light, which may be spectrally filtered using any suitable
commercially available band-pass filter (Chroma Tech-
nology Corp, Rockingham, VT, USA) to reduce potential
’leakage’ of emitted light into the detector optics. When
the device is held adjacent to ocular tissue to be imaged,
the illuminating light sources may shine a narrow-band-
width or broad-bandwidth violet/blue wavelength or other
wavelength or wavelength band of light onto the ocular
tissue surface thereby producing a flat and homogene-
ous field within the region-of-interest. The light may also
illuminate or excite the tissue down to a certain shallow
depth. This excitation/illumination light interacts with the
normal and diseased tissues and may cause an optical
signal (e.g., absorption, fluorescence and/or reflectance)
to be generated within the tissue.
[0081] By changing the excitation and emission wave-
lengths accordingly, the imaging device may interrogate
ocular tissue components (e.g., lens, retina, etc.) at the
surface and at certain depths within the observed eye
tissue strucures. For example, by changing from vio-
let/blue (-400-500nm ran) to green (-500-540 nm ran)
wavelength light, excitation of deeper tissue fluorescent
sources may be achieved. Similarly, by detecting longer
wavelengths, fluorescence emission may be detected.
For medical condition assessment, the ability to interro-
gate ocular tissue surface fluorescence may be useful,
for example in detection and potential identification of
pre-diabetes.
[0082] In a further example embodiment, the device
may be used with any standard compact digital imaging
device (e.g., a charge-coupled device (CCD) or comple-
mentary metal-oxide-semiconductor (CMOS) sensors)
as the image acquisition device. The example device
shown in a) has an external electrical power source, the
two LED arrays for illuminating the object/surface to be
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imaged, and a commercially available digital camera with
stabilized optics for target acquisition negating an oper-
ators slight movements securely fixed to light-weight met-
al frame equipped with a convenient handle for imaging.
A multi-band filter is held in front of the digital camera to
allow wavelength filtering of the detected optical signal
emanating from the object/surface being imaged. The
camera’s video/USB output cables allow transfer of im-
aging data to a computer for storage and subsequent
analysis. This example embodiment uses a commercial-
ly-available 8.1 -megapixel Sony digital camera (Sony
Cybershot DSC-T200 Digital Camera, Sony Corporation,
North America). This camera may be suitable because
of i) its slim vertical design which may be easily integrated
into the enclosure frame, ii) its large 3.5-inch widescreen
touch-panel LCD for ease of control, iii) its Carl Zeiss 5x
optical zoom lens, and iv) its use in low light (e.g., ISO
3200). The device may have a built-in flash which allows
for standard white light imaging (e.g., high-definition still
or video with sound recording output). Camera interface
ports may support both wired (e.g., USB) or wireless
(e.g., Bluetooth, WiFi, and similar modalities) data trans-
fer or 3rd party add-on modules to a variety of external
devices, such as: a head-mounted display, an external
printer, a tablet computer, laptop computer, personal
desk top computer, a wireless device to permit transfer
of imaging data to a remote site/other device, a global
positioning system (GPS) device, a device allowing the
use of extra memory, and a microphone. The digital cam-
era is powered by rechargeable batteries, or AC/DC pow-
ered supply. The digital imaging device may include, but
is not limited to, digital cameras, webcams, digital SLR
cameras, camcorders/video recorders, cellular tele-
phones with embedded digital cameras, Smartphones™,
personal digital assistants (PDAs), and laptop comput-
ers/tablet PCs, or personal desk-top computers, all of
which contain/or are connected to a digital imaging de-
tector/sensor.
[0083] This light signal produced by the excitation/illu-
mination light sources may be detected by the imaging
device using optical filter(s) (e.g., those available from
Chroma Technology Corp, Rockingham, VT, USA) that
reject the excitation light but allow selected wavelengths
of emitted light from the tissue to be detected, thus form-
ing an image or signal in the form of a fluorescence signal
or trace on the display. There is an optical filter holder
attached to the enclosure frame in from of the digital cam-
era lens which may accommodate one or more optical
filters with different discrete spectral bandwidths. These
band-pass filters may be selected and aligned in front of
the digital camera lens to selectively detect specific op-
tical signals from the ocular tissue surface based on the
wavelength of light desired. Spectral filtering of the de-
tected optical signal (e.g., absorption, fluorescence, and
reflectance) may also be achieved, for example, using a
liquid crystal tunable filter (LCTF), or an acousto-optic
tunable filter (AOTF) which is a solid- state electronically
tunable spectral band-pass filter. Spectral filtering may

also involve the use of continuous variable filters, and/or
manual band-pass optical filters. These devices may be
placed in front of the imaging detector to produce multi-
spectral, hyperspectral, and/or wavelength-selective im-
aging of tissues.
[0084] The device may be modified by using optical or
variably oriented polarization filters (e.g., linear or circular
combined with the use of optical wave plates) attached
in a reasonable manner to the excitation/illumination light
sources and the imaging detector device. In this way, the
device may be used to image the tissue surface with po-
larized light illumination and non-polarized light detection
or vice versa, or polarized light illumination and polarized
light detection, with either white light reflectance and/or
fluorescence imaging. This may permit imaging with min-
imized specular reflections (e.g., glare from white light
imaging), as well as enable imaging of fluorescence po-
larization and/or anisotropy-dependent changes in ocu-
lar tissues.
[0085] In an example embodiment, the device may al-
so be embodied as not being hand-held or portable, for
example as being attached to a mounting mechanism
(e.g., a tripod or stand) for use as a relatively stationary
optical imaging device for white light, fluorescence and
reflectance imaging of objects, materials, and surfaces
(e.g., an eye). This may allow the device to be used on
a desk or table or for ’assembly line’ imaging of objects,
materials and surfaces. In some embodiments, the
mounting mechanism may be mobile.
[0086] Other features of this device may include the
capability of digital image and video recording, possibly
with audio, methods for documentation (e.g., with image
storage and analysis software), and wired or wireless
data transmission for remote telemedicine/E-health
needs. For example, an embodiment of the device is con-
figured to include a mobile communication device such
as a cellular telephone. The cellular telephone used in
this example is a Samsung Model A-900, which is
equipped with a 1.3 megapixel digital camera. The tele-
phone is fitted into the holding frame for convenient im-
aging. The images from the cellular telephone may be
sent wirelessly to another cellular telephone, or wireless-
ly (e.g., via Bluetooth connectivity) to a personal compu-
ter for image storage and analysis. This demonstrates
the capability of the device to perform real-time hand-
held fluorescence imaging and wireless transmission to
a remote site/person as part of a telemedicine/E-health
diabetes care infrastructure. In order to demonstrate the
capabilities of the imaging device in health care and other
relevant applications, a number of feasibility experiments
are conducted using the particular example described. It
should be noted that during all fluorescence imaging ex-
periments, the Sony camera (Sony Cybershot DSC-T200
Digital Camera, Sony Corporation, North America) set-
tings are set so that images are captured without a flash,
and with the ’Macro’ imaging mode set. Images are cap-
tured at 8 megapixels. The flash was used to capture
white light reflectance images. All images are stored on
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the xD memory card for subsequent transfer to a personal
computer for long-term storage and image analysis. All
white light reflectance and fluorescence images/movies
captured with the device are imported into Adobe Pho-
toshop for image analysis. However, image analysis soft-
ware was designed using MatLab™ (Mathworks) to allow
a variety of image-based spectral algorithms (e.g., red-
to-green fluorescence ratios, etc) to be used to extract
pertinent image data (e.g., spatial and spectral data) for
quantitative detection/diagnostic value. Image post-
processing also included mathematical manipulation of
the images.
[0087] Still further, there is provided an improved fixa-
tion target system that advantageously employs visual
cues via an alignment tube to help a patient self-align
and locate the aperture in order to help a patient more
readily determine where to move his head and/or eye
(gaze) to achieve alignment with an LED fixation target,
which may or may not be blinking. In one aspect, the
alignment tube comprises a cylinder whose inner lumen
surface is shiny or highly reflective along its length. Cen-
tered at the far end of the cylindrical tube is an LED as-
sembly. For example, suitable cylinders are metal or may
be plastic or any other material so long as the inner lumen
is a shiny and highly reflective cylindrical surface. See
FIG. 6 (photograph) and 6A (schematic) showing an ex-
ample embodiment comprising a metallic tube having an
LED and aperture embedded in the end of the tube with
its wire lead showing.
[0088] This enables the patient to see the inner wall of
the LED-illuminated tube from a fairly large angle so that
he can readily see the tube entrance and attempt to align
his view by moving his head to center a set of nested
circles formed by the multiple reflected images of the
LED. When viewed by the patient with his line of sight
along the axis of the tube, the nested circles will appear
to be concentric and centered on the LED. See FIG. 7
(schematic) and 7A (photograph). If the patient’s view is
misaligned, i.e., not exactly along the center axis of the
lumen of the tube, the circles will appear to be non-con-
centric (i.e., skewed off axis) and the LED target may not
be directly visible. See FIG. 8 (schematic) and 8A (pho-
tograph). The patient can then self-align by making body,
head or eye adjustments to center LED within the reflect-
ed circles and finally center the LED target along, for
example, the center axis of the LED fixation alignment
tube.
[0089] In a further example embodiment, the LED fix-
ation alignment tube may be translucent, and back-light-
ed by a different color light source with a series of alter-
nating opaque and clear annular rings along its length.
The patient’s view will be similar to the above description
with eccentric rings being seen when the line of sight is
misaligned. See FIG. 9 depicting a patient’s view cen-
tered along the optic axis of a schematic of this example
embodiment.
[0090] In other embodiments, a fixation point such as
a blinking LED may be used without a tube, as described

above, to position the subject’s eye in order to align the
subject’s eye such that an exact inferior location is pre-
sented to which the excitation light is directed. The fixa-
tion point is provided by an LED of any suitable color,
may include a fixation target of one or more multiple fix-
ation points in a cross-hairs configuration to facilitate fix-
ation of a subject’s eye. In an alternative embodiment, it
is envisioned that the fixation point may be in optical com-
munication with a beam splitter positioned at a suitable
angle of incidence in relation to the subject’s eye and
may reflect the fixation point into the subject’s eye. In a
computer automated system the subject’s eye must be
fixated before the excitation light is directed into the sub-
ject’s eye and sample volumes are collected.
[0091] Other example embodiments comprise an ap-
paratus and method suitable for determining properties
of in vivo tissue from spectral information collected from
the lens of the eye. An illumination light system provides
excitation light at one or more wavelength ranges, which
are communicated to an optical collection device (e.g.,
photodetector). Light homogenizers and mode scram-
blers can be employed to improve the performance in
some embodiments. The optical system is non-invasive
and does not physically contact or intrude the eye or skin.
The optical source essentially receives light from the il-
lumination system and transmits it to the lens of the eye.
The optical collection system and/or device receive(s)
light emitted from the eye lens tissue by fluorescence
thereof in response to the excitation light. The optical
collection system can communicate the light to a spec-
trograph which produces a signal representative of the
spectral properties of the light. An analysis system (com-
puter) determines a property of the eye lens from the
spectral properties.
[0092] In a further example embodiment, a method for
determining a measure of a tissue or disease 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, then light emitted by the
tissue due to fluorescence of a chemical in the tissue
responsive to the excitation light is detected. The detect-
ed light can be combined with a model relating fluores-
cence with a measure of tissue state to determine a tissue
state. The embodiments 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. The example embodiment also
can comprise correction techniques that reduce determi-
nation 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 appro-
priate correction is not employed. The embodiment can
also comprise a variety of models relating fluorescence
to a measure of tissue state, including a variety of meth-
ods for generating such models. Other biologic informa-
tion can be used in combination with the fluorescence
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properties to aid in the determination of a measure of
tissue state. The embodiment also comprises appara-
tuses suitable for carrying out the method, including ap-
propriate light sources, detectors, and models (for exam-
ple, implemented on computers) used to relate detected
fluorescence and a measure of tissue state.
[0093] Some example embodiments provide tech-
niques for measuring light scattering within a subject’s
eye, e.g., a human eye, for diagnostic purposes. For ex-
ample, a light scattering system includes an excitation
light assembly that shines a light (e.g., LED or laser
beam) into a subject’s eye. A transfer lens focuses the
scattered laser light forming an image on a measurement
mirror. Between the transfer lens and the measurement
mirror the light is reflected from a steerable mirror that
can be adjusted to position the image on the measure-
ment mirror at a desired position. The measurement mir-
ror has a pinhole that allows some of the scattered laser
light to pass through and be detected by a single photon
detector and analyzed by a hardware or software corre-
lator. The scattered laser light not passing through the
pinhole is reflected by the measurement mirror toward a
charge-coupled device (CCD) camera. The camera ob-
tains 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
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 as other implementations in accordance with
the disclosure are possible.
[0094] In a further example embodiment, an excitation
light source (e.g., blue LED) may be used to illuminate a
specific point in the lens of a subject’s eye that is approx-
imately 50% to 80% (optionally, 60% to 75%) and all sub-
ranges therebetween, from the front edge of the inferior
quadrant of the subject’s lens. It has been determined
that measurements at this location in the mammalian eye
provide consistent measurements without undesirable
delays or interference that can skew data collection. For
example, care should be taken in fluorescence spectros-
copy to avoid confounding influences of unwanted optical
signals in the detection of the compound of interest (e.g.,
AGEs). There may be potentially confounding influences
from macular pigments, cataracts, fluorescence emis-
sions from areas other than the lens, etc. The influence
from these and other factors may be reduced by choosing
an excitation wavelength that is just outside the absorp-
tion of the undesirable influence but still overlapping the
AGEs absorption on its long-wavelength shoulder, in the

green wavelength region. As such, measurements taken
from inferior position, as mentioned above, are advanta-
geous because interferences are minimized.
[0095] 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
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 a duration and/or severity that
the individual has been experiencing a medical condition.
The temporal characteristics of the fluorescent light, in-
stead of intensity, can also be detected and used to de-
termine how long the patient has been experiencing a
medical condition. The temporal characteristics can be
analyzed by any suitable technique including, without lim-
itation, directly measuring the decay time of the fluores-
cent emissions, by phase shift techniques, by polariza-
tion anisotropy techniques, or by any other method of
detecting temporal characteristics of the fluorescent light.
[0096] In still other example embodiments of the
present embodiment, the returned light can include back-
scattered excitation light that returns from the target tis-
sue. Such embodiments may utilize the backscattered
light alone to make a determination, or the backscattered
light could be used in conjunction with fluorescent light
generated by the target tissue to arrive at a determination.
In some embodiments of the present embodiment, a light
source for providing excitation light, and a detector for
detecting returned light are arranged as a confocal sys-
tem. 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
a system or method in an example embodiment. For in-
stance, a patient’s age, gender, and other desirable phys-
ical characteristics could also be used in various combi-
nations, in addition to optical information, to determine
how long a patient has been experiencing a medical con-
dition. This would allow the system or method to account
for age varying characteristics such as fluorescent inten-
sity.
[0097] The excitation light source could be a laser, a
LED, a fluorescent tube, an incandescent light bulb, hal-
ogen lamp, or arc lamp, or any other type of device that
is capable of providing excitation light in the appropriate
wavelength range. The light source could also comprise
a broadband light source such as a fluorescent or incan-
descent light bulb. Such a broadband light source might
also be paired with one or more optical filters that are
designed to pass only specific wavelength bands of light.
The light source could also include any other type of light
source, depending on the wavelengths of interest. For
instance, the excitation light source can be He-Cd or ar-
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gon-ion laser, a mercury lamp, a low power white or blue
LED, etc. The excitation filter can be, for example, a long
or short passband filter of a suitable wavelength. The
excitation filter can be selected to attenuate wavelengths
that do not correspond to the excitation wavelength. The
filtered light can then be directed to a dichroic reflector,
such as a long-pass dichroic reflector, for redirection to-
wards the lens.
[0098] In order to measure fluorescence and backscat-
ter data quickly enough to calculate the ratio of fluores-
cence to backscatter, a spinning filter wheel, or rapid-
changing monochromator may be used and located at a
point in the optical light path that is in front of a photode-
tector. In certain example embodiments, a spinning filter
wheel comprises a circular filter array that has a pattern
of four filter elements or materials that allow transmission
of alternating wavelengths at different rotational positions
around the circular filter array. The filter array may be
rotated to discrete angular positions via a motor. A sys-
tem of repeatedly returning to a desired angular position
can be provided by a dial or by a memory element asso-
ciated with the motorizing system. Some examples of a
motorizing system are a stepping motor capable of ini-
tializing the angular position, or, a servo motor with an
encoder which provides initializing information. By using
a spinning filter wheel, more data points can be collected
and averaged to obtain a nearly real-time data collection.
This can be achieved because each data measurement
is taken much less than 30 seconds apart (as in the Accu-
Chek D-Tector). Filter selection by continuous rotation
of the filter wheel directly attached to a step motor shaft
permits rapid (i.e., several cycles per second) filter
changing. In particular, two pairs of blue (to measure
Rayleigh backscatter) and green
[0099] (to measure fluorescence) filters are located al-
ternately around the face of the wheel. The use of 4 filters
allows the use small lower cost circular filters instead of
two larger custom semicircular filters. The identity of
which filter is in the optical path in front of the photo de-
tector is made by detecting encoding notches along the
perimeter of the filter wheel rim with a pair of optobreakers
or the like.
[0100] In operation, a first scan along the optical axis
is taken within 1.5 seconds to measure the location of
the front and back of the crystalline lens, followed by a
second scan. During the second scan, the filter wheel is
fully rotated 4 times per second (i.e., every .25 second)
in order to accommodate 16 filter changes per second.
For example, a total of 50 readings may be taken per
filter every .25 second. As a result, a skilled artisan will
appreciate that use of a spinning filter wheel is a drastic
improvement over the filter sliding mechanism employed
by the Accu-Chek D-Tector. In particular, collection of
two sample volumes can be consistently achieved in ten
(10) seconds or less, and in some cases, eight (8) or less.
[0101] Below is a schematic depicting an example em-
bodiment of an apparatus of the embodiment comprising
a confocal setup (it will be noted that unlike previous ap-

paratuses, the light path does not encounter any beam
splitters or dichroic mirrors, thereby increasing energy of
the light transmission):
[0102] Alternatively, in another exemplary embodi-
ment, the moving parts required by the presence of a
spinning filter wheel, which are susceptible to periodic
mechanical maintenance to prevent failure, may be elim-
inated via a light detection system that employs a dichroic
beam splitter (or dichroic mirror) and two photodetectors,
whereby light having a wavelength greater than 500nm
is reflected by the beam splitter to a first detector while
light whose wavelength is less than 500nm is transmitted
through the beamsplitter to a second photodetector. This
configuration has an advantage of no moving parts and
there is no dead time in reading both channels because
two photodetectors are collecting data 100% of the time.
In a fluorescence microscope, the dichroic mirror sepa-
rates the light paths. In other words, the excitation light
reflects off the surface of the dichroic mirror into the pho-
todetector. Fluorescence emission passes through the
dichroic to the photodetection system. As stated above,
the dichroic mirror’s inherent special reflective properties
allow it to separate the two wavelengths--called the tran-
sition wavelength value-which is the wavelength of 50%
transmission. The dichroic mirror reflects wavelengths of
light below the transition wavelength value and transmits
wavelengths above this value. Ideally, the wavelength of
the dichroic mirror is chosen to be between the wave-
lengths used for excitation and emission. However, about
90% of the light at wavelengths below the transition wave-
length value are reflected and about 90% of the light at
wavelengths above this value are transmitted by the di-
chroic mirror. When the excitation light illuminates the
ocular lens, a small amount of excitation light is reflected
off the optical elements within the objective and some
excitation light is scattered back into the objective by the
sample. Some of this excitation light is transmitted
through the dichroic mirror along with the longer wave-
length light emitted by the sample. This "contaminating"
light can be prevented from reaching the detection sys-
tem by the use of a wavelength selective element, such
as an emission filter.
[0103] In an exemplary embodiment, two filters are
used along with the dichroic mirror. An excitation filter
may be used to select the excitation wavelength by plac-
ing the excitation filter in the excitation path just prior to
the dichroic mirror. As emission filter may be used to
more specifically select the emission wavelength of the
light emitted from the lens of the eye and to remove traces
of excitation light by placing it beneath the dichroic mirror.
In this position, the filter functions to both select the emis-
sion wavelength and to eliminate any trace of the wave-
lengths used for excitation. These filters generally re-
ferred to as an interference filter, because of the way in
which it blocks the out of band transmission. Interference
filters exhibit an extremely low transmission outside of
their characteristic bandpass. Thus, they are suitable for
selecting the desired excitation and emission wave-
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lengths.
[0104] Another alternative arises from the observation
that the blue (scattered) signal is about 4 times the in-
tensity of the green (fluorescence) signal. Using a 75%
/ 25% beamsplitter with a green bandpass filter in the
25% path and a blue filter in other path will result in signals
of about the same magnitude from the two detectors. A
further alternative could be the use of a grating or linear
variable filter wavelength dispersing element in front of
a linear array photodetector. Another embodiment would
be to use an electronically adjustable bandpass filter
(such as a piezo controlled etalon) in front of a single
photodetector. A further alternative would be to alternate
between the two filters (blue and green) by moving the
filters utilizing the oscillating motion of a resonant me-
chanical oscillator (such as a tuning fork). Still further, if
only the green signal is desired, then it could be meas-
ured with a single detector and a green filter.
[0105] In an embodiment, a blue LED light source pro-
duces excitation light coupled to one or more optical
bandpass filters to produce excitation light having a de-
sired wavelength. The excitation radiation in the appro-
priate wavelength band is then directed through an opti-
cal delivery system which focuses the excitation 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 ex-
citation light, is then collected by a photo detector for
analysis. One or more excitation wavelengths may be
used and one or more fluorescence wavelengths may be
collected.
[0106] In an example embodiment, the blue LED light
source is an integrated assembly comprising a high in-
tensity (18,000 mcd) 465 nm InGaN LED in a molded 3
mm diameter clear lensed package with a 15 degree
viewing angle. This low cost, long-life light source replac-
es the expensive laser-based, frequency-doubled 473
nm light source in the Accu-Chek D-Tector. It will be ap-
preciated that eliminating the laser as a light source elim-
inates the need for undesirable laser-safety subsystems.
The integrated assembly further comprises a 1 mm di-
ameter aperture disposed nearly in contact with the LED
lens. The thickness of the aperture may be minimized to
eliminate reflections from the aperture ID, e.g., via a con-
ical shaped aperture. An optical bandpass filter may be
employed to block observed spectral tails of the blue LED
emission. For example, a 58nm wide bandpass filter cen-
tered on 450nm with 2.0 optical density blocking of out-
of-band light may be employed. Further, positional ad-
justment of the blue LED light source assembly may be
grossly adjusted laterally by movement of the mount hor-
izontally within the limits of slotted holes for the mounting
screws into the optics plate. Fine adjustment of both hor-
izontal and vertical source position is by means of a flex-
ure mounted structure which is adjusted and clamped by
push-pull pairs of screws. It will be appreciated that ad-
ditional light intensity can be obtained by using an op-
tional LED source converging lens whereby light from

the apertured LED comprises a diverging cone that over-
fills the source lens. The addition of a converging lens
following the aperture can shrink the cone angle to just
fill the source lens and thus result in more light in the
source beam.
[0107] In an embodiment, a blue LED light source pro-
duces excitation light coupled to one or more optical
bandpass filters to produce excitation light having a de-
sired wavelength. The excitation radiation in the appro-
priate wavelength band is then directed through an opti-
cal delivery system which focuses the excitation 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 ex-
citation light, is then collected by a photo detector for
analysis. An example embodiment of an LED light optics
source assembly is depicted in FIG. 10.
[0108] In the above example embodiment, the blue
LED light source is an integrated assembly comprising
a high intensity (18,000 mcd) 465 nm InGaN LED in a
molded 3 mm diameter clear lensed package with a 15
degree viewing angle. This low cost, long-life light source
replaces the expensive laser-based, frequency-doubled
473 nm light source in the Accu-Chek D-Tector. It will be
appreciated that eliminating the laser as a light source
eliminates the need for undesirable laser-safety subsys-
tems. The integrated assembly further comprises a 1 mm
diameter aperture disposed nearly in contact with the
LED lens. The thickness of the aperture may be mini-
mized to eliminate reflections from the aperture ID, e.g.,
via a conical shaped aperture. An optical bandpass filter
may be employed to block observed spectral tails of the
blue LED emission. For example, a 58nm wide bandpass
filter centered on 450nm with 2.0 optical density blocking
of out-of-band light may be employed. Further, positional
adjustment of the blue LED light source assembly may
be grossly adjusted laterally by movement of the mount
horizontally within the limits of slotted holes for the mount-
ing screws into the optics plate. Fine adjustment of both
horizontal and vertical source position is by means of a
flexure mounted structure which is adjusted and clamped
by push-pull pairs of screws. It will be appreciated that
additional light intensity can be obtained by using an op-
tional LED source converging lens whereby light from
the apertured LED comprises a diverging cone that over-
fills the source lens. The addition of a converging lens
following the aperture can shrink the cone angle to just
fill the source lens and thus result in more light in the
source beam.
[0109] Using any number of suitable algorithms, pupil
tracking helps to maintain alignment of the eye and to
compensate for slight head or eye movements so that
suitable illumination can be provided to the eye for accu-
rate imaging/data collection. Due to the near real-time
nature of the data acquisition facilitated by the use of a
spinning filter wheel of the embodiment, the need for the
use of a pupil-tracker and its related software/hardware
to monitor movement of the eye and patient alignment
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during data acquisition, is virtually eliminated. Such a pu-
pil tracking system can be implemented using any suit-
able imaging and/or coordinate tracking devices in the
external coordinate system that can be used to track the
position of a body region, e.g., patient eye. Where a pa-
tient eye is being tracked by determining the position of
a geometric axis of the eye, the tracking system may
include (i) a camera for imaging the body region being
tracked, (ii) a light source (e.g., infrared light source) to
illuminate the imaged region, and (iii) a detector on which
the camera image can be represented as a digital image.
A suitable tracking system may include both imaging and
signal responsive elements. Standard or commercially-
available imaging and image-processing system compo-
nents may be adapted and employed
[0110] The main body of the instrument is capable of
being sealed to prevent ambient light from adversely af-
fecting data collection by the confocal spectroscopic set-
up housed inside. Essentially, a patient’s head is re-
strained by an adjustable forehead rest and chin rest.
The forehead rest formed with a curvature that is smaller
than that of most people’s forehead to assure a stable
two-point contact to the forehead at each end of the fore-
head rest. The forehead rest is manually adjustable in or
out from the instrument to move the patient’s head to
accommodate the eye socket depth of the patient. A mo-
torized chin rest is vertically movable up and down to
accommodate the length of the patient’s head and may
be controlled by on screen buttons on the operator’s com-
puter or other suitable means. A flexible corrugated eye-
cup serves to block ambient light from the interior of the
instrument. The eyecup is slightly compressible by the
patient to assure light seal. The horizontal position of the
eyecup may be adjusted by a motor controlled by an op-
erator to accommodate patients with different interpupi-
lary distances (PD’s), thereby assuring that instrument
will be horizontally positioned from the forehead/chinrest
center line to correctly view the patient’s eye.
[0111] The eyecup may be disposable or permanently
affixed so long as it is configured to contact a patient’s
eye socket to substantially block out ambient light and/or
to at least partially support the main body on the eye
socket of the user. The eyecup has a central open-
ings/aperture to allow passage of light from the excitation
light source housed within the main body to the patient’s
eyes. The eyecup can be constructed of paper, card-
board, plastic, silicon, metal, rubber, latex, or a combi-
nation thereof. The eyecup can be tubular, conical, or
cup-shaped flexible or semi-rigid structures with open-
ings on either end. Other materials, shapes and designs
are possible so long as ambient light is not allowed to
pass through the interface between the eyecup and the
patient’s eye socket. In some example embodiments, the
eyecup is constructed of latex rubber that conforms
around eyepiece portions of the main body and is com-
pressible (as shown). Optionally, the eyecup may be de-
tachable from the main body after an eye scan has been
completed, and a new eyecup can be attached for a new

user to ensure hygiene and/or to protect against the
spread of disease. The eyecup can be clear, translucent
or opaque, although opaque eyecups offer the advantage
of blocking ambient light for measurement in lit environ-
ments. Although the main body may comprise one or
more eyecups may be orientated in a binocular fashion,
only one eyecup is necessary to measure AGEs, thereby
keeping manufacturing costs low. In an alternative em-
bodiment the eyecup may be eliminated where the in-
strument is operated in an environment with moderate
to low ambient illumination. In addition, in lieu of an eye-
cup, an antireflection coated window installed in the eye
port prevents airflow across the patient’s eye and to aid
in minimizing dust accumulation on the system’s internal
optics. This window is tilted to avoid specular reflections
back to the photodetector.
[0112] In the illustrated example, the main body is a
monocular system configured to scan one eye without
repositioning the oculars with respect to the head of the
patient, thereby reducing the time to scan a patient. Al-
ternatively, the main body can comprise a binocular sys-
tem or dual ocular system or optical paths to both eyes
for performing eye scans (for example, two oculars or
optical paths for both eyes of a patient providing one view
for one eye and another view for another eye, or the like),
whereby both eyes are scanned simultaneously, which
provides interlaces of measurements from both eyes.
Other embodiments are possible as well, for example, a
binocular system or a two ocular system having two re-
spective optical paths to each respective eye can be con-
figured to scan the eyes in series, meaning one eye first,
and then the second eye. In some embodiments, serial
scanning of the eyes comprises scanning a first portion
of the first eye, a first portion of the second eye, a second
portion of the first eye, and so on.
[0113] Other approaches are possible. In some exam-
ple embodiments, for example, the main body comprises
a chin rest that may be configured to automatically adjust
or to allow for manual adjustment between the main body
(and/or the eyecup) and the patient’s eyes. The adjust-
ment may be fine, on the order of about 0.5, 1, 2, 3, 4,
5, 10, 20, 30 or 50 millimeters. The adjustment may com-
prise any adjustment described herein, such as an ad-
justment of one or more moveable optical components
to, for example, improve a field of view. In one instance,
the distance between the main body and/or an optical
component within the main body and the patient’s eye is
systematically adjusted from a first distance to a second
distance. The chin rest may move in certain embodi-
ments although in various embodiments the chin rest
may be fixed and other components within the main body
are movable. The distance may be based at least partly
on normative values, such as an average offset (for ex-
ample, in the anterior-posterior direction) between a chin
and a pupil or an average distance between a pupil and
an eyecup. In some instances, the distance may be de-
termined based at least partly on a sensor reading. For
example, a sensor may detect a position of the user’s
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eye, pupil or iris. The sensor may comprise an optical or
ultrasonic instrument. For example, a sensor may emit
a light and determine the time elapsed between the emis-
sion and that at which reflected light (for example, a
pulse) is received. The sensor may comprise a weight
sensor to sense, for example, a location of the patient’s
chin. A sensor may detect a position or weight of the
user’s chin. In certain example embodiments the chin
rest may move or the main body and/or eyepiece/eyecup
of the main body may move with respect to the chin rest
and the field of view monitored as described above to
determine a suitable location of the eye. Other variations
are possible.
[0114] In some embodiments, a position/setting of one
or more moveable/adjustable optical components can be
manually adjusted by the patient. The patient may be
instructed, for example, to adjust the position/setting
based on one or more images seen by the patient. For
example, the patient may be instructed to adjust the po-
sition until two or more images (for example, working
distance images) are aligned. Alignment may correspond
to an appropriate distance of the eye to the instrument.
Other designs are also possible.
[0115] Circuitry can be operatively connected to the
photo detector to sample the signal strength as each of
the filters within the filter wheel are aligned. The circuitry
is controlled by a computer program to produce spectral
data and information from the sample data. The imple-
mentation of such control and measurement circuitry is
known to those skilled in the art. For instance, in an ex-
ample embodiment, a computer system (not shown) is
electrically coupled to an output device and a communi-
cations medium. The communications medium can en-
able the computer system to communicate with other re-
mote systems. The computer system may be electrically
coupled to the main body described above to collect and
analyze data according to an algorithm. Alternatively, the
eyecup and chin rest motors can be configured to be
controlled by the computer system to semi-automatically
position the eyecup and chin rest to match the inter pu-
pillary distance between the eyes of the user/patient. In
these instances, eye tracking devices may be included
with a system described herein. In various embodiments,
a combination of the foregoing are utilized to adjust the
distance of the eyecup relative to the chin rest and/or
head rest to match or substantially conform to the user’s
inter pupillary distance.
[0116] The inter pupillary distance may be adjusted
based on the patient’s viewing of a fixation targets. For
example, the fixation target may be configured such that
the user is required to align the fixation target with a suit-
able alignment means. A red LED may be used as one
example embodiment of fixation targets; however, other
fixation targets are possible, including but not limited to
a box configuration or two or more LEDs, and the like.
[0117] Accordingly, in an example embodiment, a sys-
tem as described herein may comprise software config-
ured to determine the ophthalmic output and/or to com-

pare measurements to other previously taken measure-
ments (for example, measurements previously obtained
from the patient or benchmark measurements). This soft-
ware may be at a remote location such as a server. Raw
image data or extracted numerical data may be trans-
ferred to the remote location such as the server and cal-
culations and/or comparisons performed at that remote
location. In some embodiments, data corresponding to
prior tests need not be sent to the system, for example,
in the case where the comparison is made at the remote
location, for example, the server. In some embodiments,
analysis is performed both at the location of the main
body and at a remote location such as the server. Ac-
cordingly, suitable software may be included in at both
the main body and the remote location. The output may
include a probability, such as the probability that a con-
dition is worsening or improving. The output may include
a confidence measure. As another example, the output
may indicate that an ophthalmic condition is worsening,
improving or staying substantially the same. The output
may comprise an appointment request. For example, if
it is determined that a particular change has occurred or
that a threshold has been crossed based on data ob-
tained, output comprising an appointment request may
be sent to a health care provider. The output may also
comprise an indication of a recommendation for a referral
or an appointment or other follow up activity.
[0118] In general, in another aspect, an example em-
bodiment provides a system for performing at least one
of light scattering and fluorescent scanning on a subject’s
eye, including a display screen showing an image of the
eye to allow an operator to select locations in the eye to
be measured. The system may include an optical unit
coupled to a processor for executing scans on selected
locations of the eye and for collecting data associated
with the detected light scattering and/or fluorescence.
The processor may further display data on the display
screen for operator review. To that end, the data may be
reported on the same display screen and/or collected in
cycles. Moreover, the data displayed on the display
screen may include test settings, front and cross-section-
al views of the eye, average intensity values of detected
light scattering and/or fluorescence, graphical depictions
of autocorrelation functions, 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, AGEs
and/or track the progress of disease.
[0119] In some embodiments, the data collected may
include the average intensity of scattered light detected
and/or the average fluorescence intensity detected. Im-
plementations of this embodiment may also collect data
from locations in the nucleus and/or supranucleus re-
gions of the lens of the eye to determine a ratio between
the average fluorescence intensity associated with fluo-
rescent ligand scanning of the nucleus region of the lens
of the eye and the average fluorescence intensity of flu-
orescent ligand scanning of the supranucleus region of
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the lens of the eye. A similar ratio may be determined for
quasi-elastic light scattering of the nucleus and supranu-
cleus regions of the lens of the eye. The ratios may cor-
relate to the state of a disease in the eye, such that an
increase in a ratio indicates an increase in the amount
of a material and/or object in the eye. Some embodiments
may also incorporate a measurement quality metric cal-
culated by multiplying these ratios together or using the
curve, y(t) = Le-kt, where I is the average intensity, k is
the decay time constant and t is time. Additional system
aspects may include a display screen for displaying the
image to allow an operator to select regions of the eye
for analyzing, as well as a process configured to analyze
scattered light from quasi-elastic light scattering and/or
fluorescent emissions from fluorescent ligand scanning
to detect a material or object of interest located in select-
ed regions of the eye. The material or object of interest
may be, without limitation, AGEs. In some embodiments,
the average intensity of the scattered light and/or fluo-
rescent emissions from a supranucleus and/or nucleus
region of the lens of the eye may be analyzed. Moreover,
the average intensity of scattered light or fluorescent
emissions from the nucleus region of the lens of the eye
may be compared to the average intensity of scattered
light or fluorescence for the supranucleus region of the
lens of the eye to provide a correlation factor for evalu-
ating the presence of a material or object of interest in
the eye. In other example embodiments, the processor
may measure 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 differ-
ence between the two intensities. In some embodiments,
the processor may measure first data of fluorescence of
the eye before introducing an imaging agent into the eye
and second data of fluorescence of the eye after intro-
ducing the imaging agent and then compare the first data
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. Fur-
thermore, 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 scatter-
ing and/or fluorescent ligand scanning performed.
[0120] Still further, another exemplary embodiment is
an apparatus, comprising: an excitation light source
adapted to excite AGEs autofluorescence, optionally a
filter to remove undesirable wavelengths and a photo de-
tector coupled to the filter to detect an ocular tissue (e.g.,
retinal tissue) fluorescence signal generated in response
to the excitation light and to generate a signal indicative
of an integrated intensity of the ocular tissue fluorescence
signal; optionally a photon intensifier coupled to the photo
detector to increase the ocular tissue fluorescence sig-
nal; and a computing device communicatively coupled
to the photo detector, the computing device configured
to generate, based on the signal indicative of the inte-
grated intensity, one or more of: an indication of whether

a patient has diabetes (e.g., overt diabetes, pre-diabetes,
gestational diabetes, etc.), an indication of whether the
patient has an eye condition caused by diabetes, an in-
dication of whether a patient has central serous retinop-
athy, an indication of whether the patient has diabetic
retinopathy, an indication of whether the patient has ret-
inal vascular occlusion, an indication of whether the pa-
tient has vitreoretinopathy, an indication of whether the
patient has any other acquired retinopathy, an indication
of whether the patient has age-related macular degen-
eration, an indication of whether the patient has inherited
retinal degeneration, an indication of whether the patient
has pseudotumor cerebri, an indication of whether the
patient has glaucoma.
[0121] 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.
[0122] While example embodiments have been de-
scribed in detail, the foregoing description is in all aspects
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.
[0123] 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. An apparatus for determining characteristics of the
eye of a subject suspected of containing Advanced
Glycation End-products (AGEs), comprising:

a. means configured to illuminate the crystalline
lens of the eye at a point 50% to 80% from the
front edge of the inferior quadrant thereof with
electromagnetic radiation directed into the crys-
talline lens, thereby causing the crystalline lens
to react with a first action selected from the group
consisting of reflecting, backscattering, trans-
mitting, and emitting responsive radiation and a
second action selected from the same group ex-
cluding the first action;
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b. means configured to collect the responsive
radiation;
c. means, connected to the collecting means,
configured to separate the collected radiation in-
to a plurality of components;
d. means, connected to the separating means,
configured to (i) measure the intensity of each
of the separated plurality of components and (ii)
determine a mathematical relationship between
the separated plurality of components; the ap-
paratus being characterized in that it further
comprises
e. LED fixation means configured to guide the
subject to self-align itself along an axis of the
LED fixation means, the LED fixation means
comprising an alignment tube configured to dis-
play a plurality of nested circles, wherein the cir-
cles are formed by multiple reflected images of
an LED and appear concentric and centered on
the LED when the line of sight of the subject is
aligned along the axis of the LED fixation means
and eccentric otherwise.

2. An apparatus according to claim 1 in which the illu-
minating means comprises:

a. a light source selected from the group con-
sisting of lasers, laser diodes, laser diodes cou-
pled to nonlinear frequency doubling devices,
light emitting diodes and broadband sources
coupled to optical filters;
b. a lens, optically responsive to the light from
the light source, configured to focus the light;
and
c. a lens system, optically responsive to the fo-
cused light, having a focus, and defining an ap-
erture at its focus of less than 1 cm.

3. An apparatus according to claim 1 in which the illu-
minating means causes the crystalline lens to react
by emitting responsive radiation, further comprising
means configured to measure the time difference
between illumination of the crystalline lens and emis-
sion of the responsive radiation.

4. An apparatus according to any one of claims 1 to 3,
wherein determining characteristics of the crystalline
lens of a subject comprises measuring molecular
changes in a patient having an ocular lens that, when
illuminated, is capable of fluorescing and backscat-
tering radiation including Rayleigh components of
determinable intensities.

5. An apparatus of claim 4,
wherein the means for illuminating the crystalline
lens with electromagnetic radiation directed into the
crystalline lens include means configured to illumi-
nate the ocular lens (15) with light

having a wavelength between 400-480 nm, thereby
causing the ocular lens (15) to backscatter radiation
and fluoresce in response to the illumination.

6. An apparatus of claim 4 or 5,
wherein the separating means are configured to sep-
arate the collected radiation into its fluorescent and
Rayleigh components.

7. An apparatus of any one of claims 4 to 6,
wherein determining a mathematical relationship be-
tween the separated plurality of components com-
prises forming the ratio of the measured intensities,
thereby producing a measurement of molecular
changes in the ocular lens (15).

8. An apparatus according to any one of claims 4 to 7,
when said claims are not dependent in any manner
on claim 2, in which the illuminating
means comprises:

a. a light source selected from the group con-
sisting of lasers, laser diodes coupled to nonlin-
ear frequency doubling devices, light emitting
diodes, and broadband sources coupled to op-
tical filters;
b. a lens, optically responsive to the light from
the light source, configured to focus the light;
and
c. a lens system, optically responsive to the fo-
cused light, having a focus, and defining an ap-
erture at its focus greater than approximately
fifteen micrometers.

9. An apparatus according to claim 8 further comprising
an eyepiece means, responsive to the backscattered
radiation, for
permitting an operator to view the ocular lens (15).

10. An apparatus according to claim 9 in which the sep-
arating means comprises at least one dichroic beam
splitter.

11. An apparatus according to claim 10 in which the de-
tecting and forming means comprises at least one
single chip silicon detector and the wavelength of
the fluorescent component of the collected radiation
is selected from the group consisting of between ap-
proximately 460-500 nm and 520-600 nm.

12. An apparatus according to claim 11 in which the de-
tecting and forming means further comprises an am-
plifier.

13. An apparatus according to claim 12 in which the il-
luminating means further comprises means coonfig-
ured to adjust the power level of the illuminating light.
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Patentansprüche

1. Eine Vorrichtung zum Bestimmen von Eigenschaf-
ten des Auges eines Subjekts, welches unter Ver-
dacht steht, Endprodukte fortgeschrittener Glykie-
rung aufzuweisen, wobei die Vorrichtung aufweist:

a) ein Mittel, welches eingerichtet ist zum Be-
leuchten der Kristalllinse des Auges an einem
Punkt 50% bis 80% von der vorderen Ecke sei-
nes unteren Quadranten mit elektromagneti-
scher Strahlung, welche in die Kristalllinse ge-
richtet ist, wodurch die Kristalllinse mit einem
ersten Vorgang, wobei der erste Vorgang aus
der Gruppe bestehend aus Reflektieren, Rück-
streuen, Transmittieren und Emittieren einer
Antwortstrahlung ausgewählt wird, und einem
zweiten Vorgang reagiert, wobei der zweite Vor-
gang aus der gleichen Gruppe ausgewählt wird
unter Ausschluss des ersten Vorgangs;
b) ein Mittel, welches eingerichtet ist zum Auf-
fangen der Antwortstrahlung;
c) ein Mittel, welches an das Auffangmittel an-
geschlossen ist, eingerichtet zum Separieren
der aufgefangenen Strahlung in eine Mehrzahl
von Komponenten;
d) ein Mittel, welches an das Separiermittel an-
geschlossen ist, eingerichtet zum i) Messen der
Intensität einer jeden von der separierten Mehr-
zahl von Komponenten und ii) Bestimmen einer
mathematischen Beziehung zwischen der se-
parierten Mehrzahl von Komponenten;

wobei die Vorrichtung dadurch charakterisiert ist,
dass sie ferner aufweist:

e) LED-Fixierungsmittel, eingerichtet zum Lei-
ten des Subjekts zur Selbstausrichtung entlang
einer Achse des LED-Fixierungsmittels, wobei
das LED-Fixierungsmittel ein Ausrichtungsrohr
aufweist, welches eingerichtet ist eine Mehrzahl
von verschachtelten Kreisen darzustellen, wo-
bei die Kreise durch mehrere reflektierte Bilder
einer LED gebildet werden und konzentrisch
und bezüglich der LED zentriert erscheinen,
wenn die Sichtlinie des Subjekts mit der Achse
des LED-Fixierungsmittels ausgerichtet ist und
sie andernfalls exzentrisch erscheinen.

2. Vorrichtung gemäß Anspruch 1, bei welcher das Be-
leuchtungsmittel aufweist:

a) eine Lichtquelle ausgewählt aus der Gruppe,
welche aus Lasern, Laserdioden, Laserdioden,
die an nichtlineare Frequenzverdopplungsvor-
richtungen gekoppelt sind; lichtemittierende Di-
oden und Breitbandquellen, die an optische Fil-
ter gekoppelt sind, besteht;

b) eine Linse, welche auf das Licht der Licht-
quelle optisch ansprechbar ist und eingerichtet
ist, das Licht zu fokussieren; und
c) ein Linsensystem, welches auf das fokussier-
te Licht optisch ansprechbar ist, einen Brenn-
punkt aufweisend und eine Blende an seinem
Brennpunkt definierend von weniger als 1 cm.

3. Eine Vorrichtung gemäß Anspruch 1, bei welcher
das Beleuchtungsmittel bewirkt, dass die Kristalllin-
se mittels Antwortstrahlung reagiert, wobei es ferner
ein Mittel aufweist, welches eingerichtet ist den Un-
terschied zwischen der Beleuchtung der Kristalllinse
und der Emission der Antwortstrahlung zu messen.

4. Eine Vorrichtung gemäß einem der Ansprüche 1 bis
3,
wobei Bestimmen der Eigenschaften der Kristalllin-
se des Subjekts Messen molekularer Veränderun-
gen in einem Patienten beinhaltet, welcher eine Au-
genlinse (15) aufweist, die, wenn beleuchtet, in der
Lage ist zu Fluoreszieren und Strahlung zurückzu-
streuen, die Rayleigh-Komponenten bestimmbarer
Intensitäten aufweist.

5. Vorrichtung nach Anspruch 4,
wobei das Mittel zum Beleuchten der Kristalllinse mit
elektromagnetsicher Strahlung, welche in die Kris-
talllinse gerichtet wird, ein Mittel aufweist, welches
eingerichtet ist die Augenlinse (15) mit Licht zu be-
leuchten, welches eine Wellenlänge zwischen 400
nm und 800 nm aufweist, wodurch die Augenlinse
(15) zum Rückstreuen von Strahlung und Fluores-
zieren gebracht wird als Reaktion auf die Beleuch-
tung.

6. Vorrichtung gemäß Anspruch 4 oder 5,
wobei die Separiermittel eingerichtet sind, die ein-
gefangene Strahlung in ihre Fluoreszenz- und Ray-
leigh-Komponenten zu separieren.

7. Vorrichtung gemäß einem der Ansprüche 4 bis 6,
wobei Bestimmen einer mathematischen Beziehung
zwischen der separierten Mehrzahl von Komponen-
ten Bilden des Verhältnisses der gemessenen Inten-
sitäten aufweist, wodurch eine Messung von mole-
kularen Veränderung in der Augenlinse (15) erzeugt
wird.

8. Vorrichtung gemäß einem der Ansprüche 4 bis 7,
wobei diese Ansprüche in keiner Weise von An-
spruch 2 abhängig sind, bei welchem das Beleuch-
tungsmittel aufweist:

a) eine Lichtquelle ausgewählt aus der Gruppe,
welche aus Lasern, Laserdioden, Laserdioden,
die an nichtlineare Frequenzverdopplungsvor-
richtungen gekoppelt sind, besteht; lichtemittie-
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rende Dioden und Breitbandquellen, die an op-
tische Filter gekoppelt sind;
b) eine Linse, welche auf das Licht der Licht-
quelle optisch ansprechbar ist und eingerichtet
ist, das Licht zu fokussieren; und
c) ein Linsensystem, welches auf das fokussier-
te Licht optisch ansprechbar ist und eine Blende
an seinem Brennpunkt definiert, die größer ist
als ungefähr 15 mm.

9. Vorrichtung gemäß Anspruch 8, ferner ein Okularteil
aufweisend, welches auf die rückgestreute Strah-
lung ansprechbar ist, zum Ermöglichen, dass eine
die Vorrichtung bedienende Person die Okularlinse
(15) betrachten kann.

10. Vorrichtung gemäß Anspruch 9, bei welcher das Se-
pariermittel mindestens einen dichroitischen
Strahlteiler aufweist.

11. Vorrichtung gemäß Anspruch 10, bei welcher das
Detektions- und Bildemittel mindestens einen Ein-
zelchip-Silizium-Detektor aufweist und die Wellen-
gänge der fluoreszierenden Komponente der aufge-
fangenen Strahlung aus der Gruppe ausgewählt
wird, welche aus Wellenlängen von ungefähr
460-500 nm und 520-600 nm besteht.

12. Vorrichtung gemäß Anspruch 11, bei welcher das
Detektions- und Bildemittel ferner einen Verstärker
aufweist.

13. Vorrichtung gemäß Anspruch 12, bei welcher das
Beleuchtungsmittel ferner Mittel aufweist, das zum
Anpassen des Leistungspegels des Beleuchtungs-
lichts eingerichtet ist.

Revendications

1. Appareil permettant de déterminer les caractéristi-
ques de l’oeil d’un sujet, suspecté de contenir des
produits terminaux de glycation avancée (PTGA),
comprenant :

a. des moyens conçus pour éclairer le cristallin
à un point situé à 50 %-80 % du bord antérieur
de son quadrant inférieur par rayonnement élec-
tromagnétique dirigé vers le cristallin en obli-
geant ce dernier à réagir par une première action
choisie dans un groupe réunissant la réflexion,
la rétrodiffusion, la transmission et l’émission
d’un rayonnement-réponse et par une seconde
action choisie dans le même groupe en excluant
la première action ;
b. des moyens conçus pour récolter le rayonne-
ment-réponse ;
c. des moyens connectés aux moyens de récolte

et conçus pour séparer le rayonnement récolté
en une pluralité de composants ;
d. des moyens connectés aux moyens sépara-
teurs et conçus pour (i) mesurer l’intensité de
chaque pluralité séparée de composants et pour
(ii) déterminer la relation mathématique entre la
pluralité séparée de composants ;
l’appareil étant caractérisé en ce qu’il com-
prend par ailleurs
e. des moyens pour fixer un LED, conçus pour
guider le sujet afin qu’il puisse s’autoaligner lui-
même par rapport à un axe des moyens pour
fixer le LED, ces derniers comprenant un tube
d’alignement conçu afin d’afficher une pluralité
de cercles imbriqués, ces derniers étant formés
par de multiples images réfléchies d’un LED et
apparaissant concentriques et centrés sur le
LED lorsque la ligne visuelle du sujet est alignée
avec l’axe des moyens pour fixer le LED et ex-
centriques lorsque ce n’est pas le cas.

2. Appareil selon la revendication 1, dans lequel les
moyens d’éclairage comprennent :

a. une source lumineuse choisie dans un groupe
réunissant des lasers, des diodes lasers, des
diodes lasers associées à des dispositifs non
linéaires doubleurs de fréquence, des diodes
émettrices de lumière et des sources à large
bande associées à des filtres optiques ;
b. une lentille, réagissant optiquement à la lu-
mière provenant de la source lumineuse, con-
çue pour focaliser la lumière, et
c. un système à lentille, réagissant optiquement
à la lumière focalisée, muni d’un moyen de fo-
calisation dont il détermine une ouverture infé-
rieure à 1 cm.

3. Appareil selon la revendication 1, dans lequel les
moyens d’éclairage obligent le cristallin à réagir en
émettant un rayonnement-réponse et comprenant,
par ailleurs, des moyens conçus pour mesurer la dif-
férence de temps entre l’éclairage du cristallin et
l’émission du rayonnement-réponse.

4. Appareil selon l’une des revendications 1 à 3, dans
lequel la détermination des caractéristiques du cris-
tallin d’un sujet comprend la mesure des modifica-
tions moléculaires chez un patient dont une lentille
oculaire est capable, lorsqu’elle est éclairée, de fluo-
rescer et de rétrodiffuser le rayonnement, y compris
les composants de Rayleigh d’intensités définissa-
bles.

5. Appareil selon la revendication 4, dans lequel les
moyens d’éclairer le cristallin par un rayonnement
électromagnétique dirigé sur le cristallin incluent des
moyens conçus pour éclairer la lentille oculaire (15)

47 48 



EP 2 635 186 B1

26

5

10

15

20

25

30

35

40

45

50

55

avec de la lumière ayant une longueur d’onde com-
prise entre 400 et 480 nm en obligeant la lentille ocu-
laire (15) à rétrodiffuser le rayonnement et à fluores-
cer en réponse à cet éclairage.

6. Appareil selon la revendication 4 ou 5, dans lequel
les moyens séparateurs sont conçus de manière à
séparer les composants fluorescents et les compo-
sants de Rayleigh dans le rayonnement récolté.

7. Appareil selon une quelconque revendication 4 à 6,
dans lequel la détermination de la relation mathé-
matique entre la pluralité séparée de composants
comprend la définition d’un rapport entre les inten-
sités mesurées, en mesurant ainsi les modifications
moléculaires dans la lentille oculaire (15).

8. Appareil selon une quelconque revendication 4 à 7,
lorsque lesdites revendications ne sont aucunement
dépendantes de la revendication 2, dans lequel les
moyens d’éclairage comprennent :

a. une source de lumière choisie dans un groupe
réunissant des lasers, des diodes lasers, des
diodes lasers associées à des dispositifs non
linéaires doubleurs de fréquence, des diodes
émettrices de lumière et des sources à large
bande associées à des filtres optiques ;
b. une lentille, réagissant optiquement à la lu-
mière provenant de la source lumineuse, con-
çue pour focaliser la lumière, et
c. un système à lentille, réagissant optiquement
à la lumière focalisée, muni d’un moyen de fo-
calisation dont il détermine une ouverture supé-
rieure à environ quinze micromètres.

9. Appareil selon la revendication 8 comprenant, par
ailleurs, des moyens d’oculaire réagissant au rayon-
nement rétrodiffusé et permettant à l’opérateur de
voir la lentille oculaire (15).

10. Appareil selon la revendication 9, dans lequel les
moyens séparateurs comprennent au moins un sé-
parateur de faisceau dichroïque.

11. Appareil selon la revendication 10, dans lequel les
moyens de détection et de définition comprennent
au moins un détecteur monopuce en silicium, et la
longueur d’onde du composant fluorescent du
rayonnement récolté est choisie parmi le groupe
comprenant la plage environ entre 460-500 nm et
520-600 nm.

12. Appareil selon la revendication 11, dans lequel les
moyens de détection et de définition comprennent,
par ailleurs, un amplificateur.

13. Appareil selon la revendication 12, dans lequel les

moyens d’éclairage comprennent, par ailleurs, des
moyens conçus pour réguler la puissance de la lu-
mière d’éclairage.
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