Abstract
Currently there is no portable device that can check diseases of the aging eye such as:
Glaucoma, age-related macular degeneration, Diabetic retinopathy, Alzheimer’s Disease,
Cataract, clinically significant macular edema, keratoconjunctivitis sicca (dry eye disorder),
Sjogren’s syndrome, retinal hard exudates, ocular hypertension, uveitis.
We propose a portable device which when placed before one eye but without any physical
contact, analyzes its natural infrared spectrum in order to detect molecules that reveal a
potential medical condition. The device asks to the user to consult a medical doctor, with
an indication about urgency but without disclosing any medical information. On contrary
the doctor can securely access a wealth of information without needing a dedicated
device.
The medical doctor proposes this tool to the patient, and operates it for the full life cycle.
The medical doctor is constantly in control of the device and the relation she has with her
patient.
The device is portable, costs less than $2000. We plan to conform to ISO 15197:2013.
A US provisional application for patent is considered for this device.

Description of new eye care device.
A whistle-blower, not a tool for medical diagnostic
This is a device which is used as a “eye health sentry”. It can check a wide range of eye diseases,
but it is not a medical device (MD) in US (but it may be classified as a MD in EU), as it does not
deliver any diagnostic.
What it does, is looking for certain molecules that are often associated with certain diseases. As
this device is designed to be used by patients, it is not used in a controlled environment, so the
molecule detection method may fail in some situations.
When it detects a possible illness it doesn't tell much information to the patient, only to undergo a
medical check and meanwhile it gives a few recommendations to better manage the suspected
illness.

An easy to use device
Contrary to other portable devices like Netra, it doesn't need user participation to the measuring
act. It doesn't use fragile hardware, and has no contact with eye. It either doesn't use laser,
ultrasounds or any other source of radiation or energy: It is non invasive.

Tailored for adult or aging people
While simply advising the user about the need to consult, it checks a far greater range of diseases
than competition which often is limited to nearsightedness, farsightedness, and astigmatism which
are obvious modifications of optical characteristics of the eye.
Currently there is no portable device that can check diseases like: Glaucoma, age-related macular
degeneration (AMD), Diabetic retinopathy (DR), Alzheimer’s Disease (AD), Cataract, clinically
significant macular edema (CSME), keratoconjunctivitis sicca (KCS or dry eye disorder), Sjogren’s
syndrome (SS), retinal hard exudates, ocular hypertension, uveitis.

However if 'Eye's health sentry' can check for a collection of wildly occurring eye diseases it is not
intended for genetic, obvious and rare eye diseases. Usage is for adult only.

Use biomarkers as proxy for disease diagnostic
It works by searching for biological markers for a wide range of diseases in the eye. It is a non
invasive check relying on spectroscopy.
A biomarker, or biological marker, generally refers to a measurable indicator of some biological
state or condition. Biomarkers are often measured and evaluated to examine normal biological
processes, pathogenic processes, or pharmacological responses to a therapeutic intervention.
Biomarkers are used in many scientific fields.
A biomarker, or biological marker, is a surrogate measurement designed to characterize and
quantify an underlying disease process. The perfect biomarker would be a substance that is easily
quantifiable and easy to obtain without invasive procedures, allowing the possibility to follow the
progress of the disease through multiple sampling over time.
Predictive biomarkers help to assess the most likely response to a particular treatment type, while
prognostic markers shows the progression of disease with or without treatment. One example of a
commonly used biomarker in medicine is prostate-specific antigen (PSA). This marker can be
measured as a proxy of prostate size with rapid changes potentially indicating cancer.

Better than non invasive: Passive detection
This device doesn't use any laser, in fact it doesn't emit anything, it only gather the vast emission
spectrum in the infrared that the human body irradiates naturally. It detects many spectrum rays in
the thermal emission, performs statistical analysis and classify them as molecules by comparing
spectra to a database.
Molecule identification eye's infrared spectrum is illustrated in the next picture which compares two
dogs eyes, one healthy (in green) and the other with glaucoma [19] (in pink). It easy to see how the
healthy eye spectrum is different from the one with a condition.
However this picture uses a different kind of spectroscopy than the one we propose (Raman vs
thermal emission spectroscopy). This picture is here to illustrate spectroscopy usage in ocular
disease detection, thermal emission spectroscopy is presented in detail in another section.

Use case

The first time
There is a mandatory learning event at the doctor office, where the doctor makes an opthalmic
assessment of patient. The device, operated by the doctor, learns patient's eye spectrum, and is
initialized with the current patient health problems. The doctor may add other health information as
well. The doctor accesses the device, on her own computer via Bluetooth. There is a dedicated
software on doctor's computer that makes it possible to the doctor to manage the patient's device.
The 'Eye's health sentry' is calibrated under the control of the doctor.
There is also a security pairing event which will make it possible for the 'Eye's health sentry' and
the doctor's PC (or tablet) to dialog securely later (a shared secret is elaborated, for example with
Diffie-Helman key exchange protocol.

At home
When at home, much later the patient may be willing to make an assessment of her eyes. She put
the device in front of each eye. The device tells if it receives a correct spectrum, for example if the
user still bore glasses it won't work as glass is partly opaque to infrared.
If the received spectrum is OK in overall, the device could be removed from eye's proximity and
rests on a table, while it will analyze the spectrum for common biomarkers.
If a significant deviation from the learned state happens, the device informs the user verbally. A
more precise report is available for patient's doctor, via Bluetooth.

At the doctor office, when a medical condition is suspected
At doctor's office there is the software that makes it possible for the doctor to interrogate 'Eye's
health sentry'. There are Windows/iOS and Linux versions of this software. What the doctor's
computer needs to communicate with the patient device is a Bluetooth interface, which most
modern PC or tablet have. The 'Eye's health sentry' can present the information it has, when the
biomarker was detected, the estimated level it has. What disease it is linked to, etc...
The inner working of 'Eye's health sentry' may change by using a cloud processing facility to vastly
improve the speed of calculations at doctor's office, if she wants to investigate several scenarios.

Calibration event each year at the medical doctor office
The doctor may change informations in the 'Eye's health sentry'. This device is calibrated under the
control of the doctor.
The doctor's software may also update the 'Eye's health sentry' software.

A non invasive design without excitation source?
Usually non invasive devices in biology (like glucose monitors) use either ultrasounds, infrared
absorption or Raman spectroscopy, and there are many other obscure technologies.
If we deal with the eye it's out of question to use any excitation energy. Even with non invasive
glucose monitors, the skin suffers from repetitive ultrasound or laser impacts. And eyes are much
more sensitive than skin.

Thermal emission spectroscopy (TES)
This technology resembles infrared emission spectroscopy, it is also called passive spectroscopy.
The human body constantly emits in infrared band. This is usually simply called body heat, but it's
the result of many phenomenas. As a molecule receives energy in the form of body's heat, it reemits this energy on a specific band, a bundle of infrared light waves (its spectrum) with specific
wavelengths. As there are thousands different molecule types in any area of the body, usually it's a
bit difficult to detect one specific molecular spectrum in the received infrared flow. That's why
excitation based designs are usually preferred in biology.
Thermal emission spectroscopy is known since a long time but little used as its only rarely needed.
It is a bit similar to high school experimentations where students look at the spectrum of a distant
street light with a dispersive spectrometer, except it is done in infrared spectrum. It has been
proposed for non invasive continuous glucose monitors [20] and it is used in spatial applications
where it is important to know the chemical composition of inaccessible landscapes. For example
the Thermal Emission Spectrometer (TES) is an instrument on board Mars Global Surveyor. The
TES instrument uses the natural harmonic vibrations of the chemical bonds in materials to
determine the composition of gases, liquids, and solids that are kilometers away, without probing
them with a laser or any other excitation source.
It is used as well by the U.S. Environmental Protection Agency to monitor and map the downwind
hazard of the chemical plumes from train car derailments, chemical plant fires, and explosions. The
agency uses multi- and hyperspectral infrared sensors at emergency-response sites to detect,
identify, and map the infrared spectral absorption and/or emission features of the chemical vapor
[23].

TES and eye are perfect fits
Eye is one of rare biological objects where thermal emission spectroscopy is interesting. there is
the need to have a good understanding of the medium which is emitting infrared light. This is why
there is still no glucose monitor based on spectroscopy, as skin is a complex medium which
irradiates on many infrared waves simultaneously.
But the eye is very different from skin, the fact it is transparent also means it emits little in visible or
near infrared, it's also very homogeneous in chemical composition, while the skin is very
heterogeneous, meaning a slight modification is easy to detect as a quite different spectrum (see
last picture). In fact we are in an opposite situation to non invasive glucose monitors, their
designers work very hard to remove the “radiation background”, and here we use it.

Opthalmology and chemical biomarkers
There are different kind and usage of biomarkers. A single biomarker may be ideal in clinical use
but it hardly exists due to the fact that many diseases are multi-factorial diseases. One good
example is from the dry eye study carried out in Singapore eye research institute [1]. One of the
best single tear chemical biomarker may differentiate patients with or without dry eye with 80%
accuracy. However, a combination of four tear chemical biomarker (biomarker panel) can
significantly increase the diagnostic accuracy to 95% [1].
In our case we are only interested in biomarkers that are proteins and that have a significant
activity in the so called mid infrared fingerprint domain. This is because we do infrared emission
spectroscopy.

Disease
myopia (near-sightedness),
Glaucoma
keratoconjunctivitis sicca
(KCS or dry eye disorder)

Biomarkers
Transthyretin
25-hydroxyvitamin D
amide III, adenine, guanine, thymine

[18]
[21]
[18]

Matrix metalloproteinase 9

[22]

Sjogren’s syndrome (SS) is a lactoferrin (Lf)
severe form of
keratoconjunctivitis sicca
age-related macular
degeneration (AMD)

AMD

Article

[3]

Conflicting data exist regarding a possible link [4][5]
between C-reactive protein (CRP), a marker of
non-specific inflammation, and AMD, as well as
interleukin-6 (IL-6). Some researchers suggest
that CRP may have a direct role in AMD
development through its ability to induce
complement activation, with another group
describing a link between elevated CRP levels
and AMD progression.
Seddon's group described an association
[5] -[6]
between IL-6 and AMD progression, yet Klein
et al. found no such association.

Diabetic retinopathy (DR)

In a cohort of the Diabetes Control and
[8]
Complications Trial, the severity of retinopathy
was associated with increasing triglyceride
levels and inversely correlated with HDL levels.

DR

Some authors have suggested that serum
[9]
apolipoprotein levels may be stronger
biomarkers of DR than traditional lipid
measures, such as total cholesterol, LDL or
HDL cholesterol, or even the LDL-to-HDL ratio.
The proteins apoAI (found in HDL) and apoB
(found in LDL), and specifically the apoB-toapoAI ratio, were significantly and
independently associated with diabetic
retinopathy development and severity.

DR

Studies suggest a significant association
between the plasma plasmin-α2-antiplasmin
complex and severity of DR.

Alzheimer’s Disease (AD)

Whatever the role of Aβ in the healthy body, a [12-13][11]
large number of in vitro and in vivo AD studies,
have shown that higher than normal Aβ levels
cause oxidative stress in the brain. The eye is
the only place in the body where vasculature or
neural tissue is available for non-invasive
optical imaging . The Aβ protein involved in the
pathogenesis of AD in the brain has also been
found to exist in the lens (Aβ40 and Aβ42),
aqueous humor (Aβ40) and vitreous humor
(Aβ42) of the normal human eye .
pentosidine and imidazolone
[14]

Cataract

[10]

clinically significant macular
edema (CSME)

high-sensitivity C-reactive protein (hsCRP)

[2]

retinal hard exudates

high-sensitivity C-reactive protein (hsCRP)

[2]

retinal hard exudates

intercellular adhesion molecule 1 (ICAM-1)

[2]

ocular hypertension

Rise in lactate in vitreous humor

[15] [16]

uveitis

Rise in lactate in vitreous humor

[17]

Is it classified as a medical device?
It is important to know if 'Eye's health sentry' is a medical device or not because in this case it is
mandatory to support specific regulations and development costs are higher. In US our
interpretation is that it will not be classified as a medical device, essentially because it does no
diagnosis. In EU our interpretation is that it is a medical device, because its usage is for monitoring
and disease prevention. However the EU mandates less obligations, and they could be fulfilled
with EN 62304 and ISO 15197:2013. The later standard is also recognized by FDA for glucose
monitors.

In USA
The FDA definition of a mobile medical application is as follows:
a “mobile medical app” is a mobile app that meets the definition of “device”
in section 201(h) of the Federal Food, Drug, and Cosmetic Act (FD&C Act);
and either:
— is used as an accessory to a regulated medical device; or
— transforms a mobile platform into a regulated medical device.
The following are not medical devices, the second item describes well 'Eye's health sentry':
 Mobile apps that are electronic “copies” of medical textbooks, teaching aids or reference
materials, or are solely used to provide clinicians with training or reinforce training
previously received.


Mobile apps that are solely used to log, record, track, evaluate, or make decisions or
suggestions related to developing or maintaining general health and wellness



Mobile apps that only automate general office operations with functionalities that include
billing, inventory, appointments, or insurance transactions.



Mobile apps that are generic aids that assist users but are not commercially marketed for a
specific medical indication.



Mobile apps that perform the functionality of an electronic health record system or personal
health record system.

In EU
The Medical Device Directive 93/42/EEC (MDD) 8 is the primary source of regulation
governing health apps across European member states. Under clause 2(a), a medical device is
defined as follows:
any instrument, apparatus, appliance, software, material or other article,
whether used alone or in combination, including the software intended by
its manufacturer to be used specifically for diagnostic and/or therapeutic
purposes and necessary for its proper application, intended by the
manufacturer to be used for human beings for the purpose of:
— diagnosis, prevention, monitoring, treatment or alleviation of disease,
— diagnosis, monitoring, treatment, alleviation of or compensation for an
injury or handicap,
— investigation, replacement or modification of the anatomy or of a physiological process,
— control of conception,

Rationale as to why the innovation is needed or would
be beneficial to patients
Here are six reasons why this device is very important for patients and their doctors:


Aging people are used to discover one morning that something they assumed working
flawlessly in their body, becomes dysfunctional for ever. Most often it's small things but that
creates an insecure atmosphere. Devices that give health information, even if it's simply a
call to visit the doctor, are reassuring because the patient is again able to gain some control
on her body.



Sometimes for people or healthcare workers, it's not clear if some medical condition is only
some temporary problem that will quickly and easily disappear without any treatment, or if
it is something that needs a doctor examination.



Health insurance also might recommend such device because it may help to manage very
early conditions that might otherwise evolve in costly complications.



Another aspect is that the diseases 'Eye's health sentry' detects may evolve very quickly, in
a matter of weeks. It's impossible to check every few days in a laboratory, all people who
may develop one of those conditions. 'Eye's health sentry' can make it possible.



Most of the medical conditions that are detected with 'Eye's health sentry', are usually very
hard to discriminate from each other. 'Eye's health sentry' tells to the doctor which
biomarker was detected, so risks of confusing one illness with another are reduced.



It can detect the build-up of a biomarker, while the disease is still manageable and hopefully
reversible.

Description of how the proposed service would
encourage patients to visit eye care professionals
'Eye's health sentry', doesn't give much information to the user, but it tells her two things:


She may need to consult her medical doctor



The level of urgency of this visit.

'Eye's health sentry' may also be perceived as an independent, “fair” source of information that it is
worth to have. It doesn't advocate treatments, it just tells one very important information that users
seek but most of the time, never acquire in a satisfactory manner, it's sometime too early, often too
late: Is it time to consult?

'Eye's health sentry'
The 'Eye's health sentry' is a little device that the user put in front of her eye to analyze it. A led
tells the user if the device is correctly positioned in front of the eye. It is achieved with eyebrow
software recognition.

Requirements
This list of requirements is based on lessons learn while studying other medical devices
development.
Requirement
RQ1: Performance characteristics of the
device, clinical efficacy and reproducibility of
measurements.

Our response
We do not assume there is a simple solution.
- We use a large number of spectrum peaks.
- Sensors are used to gain contextual
information (eye's position, dryness,
temperature and ambient temperature)
RQ 2: It should not irritate eye.
Our device is completely passive and don't
even requires contact
RQ 3: It should have little calibration time
- We aim at a calibration event each year at
the medical doctor office
RQ 4: Little lag time between measurements. This is mainly limited by the mathematical
processing time (PCA, PLS, etc..) that's why
our device is powered by the grid when used
at the doctor's office to make it possible to use
power hungry CPU.
RQ 5: It should support rapid temperature
Eye's and ambient temperature, as well as
changes (for example, going into an airviolent variations will be managed for example
conditioned building after being outside on a by adjusting the spectrum analysis software
hot day).
parameters.
RQ 6: It must not be sensitive to sunlight.
Actually a sensor will tell the user that
measurements must be done in a different
environment, such as toilets.
RQ 7: Measurement should be stable enough On contrary to some GCMs that use a blood
to be continuously used for weeks or months. glucose model, where a common molecule is
measured in skin and used as a proxy to know
glucose in veins, and this model becoming
slowly obsolete as body changes, the eye do
not mandate an "eye model" as the eye is
quite homogeneous.

RQ 8: It should have no variability from user to That the reason we mine the “background
user, and even on the same user at different noise” to understand the body inner working. In
time. Performance should not be affected by addition sensors are used to make sure the
variables as innocuous as skin color,
case rest on the skin, the temperature is
excessive perspiration.
normal, the skin is dry, etc...
RQ 9: It can read results verbally for visually- 'Eye's health sentry' does it.
impaired or blind people as blindness or vision
problems are very common for diabetes
patients.
RQ10: In order to remove adoption barriers for Medical doctors should evaluate barriers
new technology, an 'Eye's health sentry'
(physical abilities, mental status, insurance
device should be ordered only by a physician. coverage, etc.) and not have to support
something they are not ready for.
RQ11: Cost of the device. Even at $2,000,
We will aim at a similar price at least for a first
without a substantial reimbursement level, it is generation, the device will have an operational
a huge cost for many users.
life of 5 years. Later devices may have a
much lower cost.
RQ14: Health products that are new to the
This sizable sales force must be trained to
market require a sizable sales force to
educate health-care professionals and end
educate health-care professionals and end
users.
user, and to create product awareness in
various marketing channels.
The liaison between medical doctor's computer and 'Eye's health sentry' is done in BlueTooth. We
will use the existing health bluetooth profile. Secure connections are required in order to make it
impossible for this connection to be spied or otherwise hacked.
'Eye's health sentry' process the spectrum received from the eye with statistical tools like principal
component analysis (PCA) which returns a number of “components”, each one being a molecule
which has emitted an infrared spectrum. Those molecules could be glucose, urea, cholesterol,
triglyceride, albumin, hemoglobin, as well as hematocrit. Those “components” are then processed
in a skin blood model which will predict the glucose amount.
'Eye's health sentry' has several main components, the photo-diodes, sensors and a SoC (an
integrated computer in a single chip).

In the picture above, the lid with the infrared windows, is removed and we can see the photodiodes that process infrared light coming from the eye. This hardware could be installed in boxes
with a different form factor as it is self-contained.

The camera is used for eye position adjustment and detection of certain conditions.
The photo-diodes are used for spectrum measurement. This disposition in circle is for illustration
only, a more compact design may be used later.
We use internal baffles around the photo-diodes to mitigate stray lights. The photo-diodes are
directional, they only detect infrared coming through the infrared band-pass window.

Humidity and temperature sensors
A set of simple sensors verify that the optical path corresponds to the one designed for the 'Eye's
health sentry' usage. If this is untrue, a message asks the user to correct the situation, for example
by improving the contact of the 'Eye's health sentry' case with the eye, by making the eye dry, etc...
SMC temperature sensing chips such as the AD592 by Analog Devices as well as standard
thermistors for ambient temperature measurements can be used. SMC humidity sensors such as
the HIH-3602 can be used. This is instrumental in overcoming one of the main roadblock of non
invasive heath monitoring devices which sometimes provide unreliable answers. In those situations
our device tells its user that it can't provide any answer, and it provides tips how to solve the
problem.

Thermal infrared spectrometer
Fourteen photo-diodes are used to obtain the spectra of the detected light from the sample. 14
wavelengths are measured, instead of the four usual measurements.
Semiconductors detectors are used to accurately count the number of photons at each
wavelength. However semiconductors characteristics have a lot of variability, this should be taken
in account in risk management. Ordinary photo-diodes have also a too wide detection spectrum to
be good filters. Special measures must be taken to make precise measurements. We have a
proprietary low cost technology that makes it possible to obtain relatively selective measurements
from each diode.
Advanced algorithms are used to analyze the spectrum. They take in account eye's and ambient
temperatures. The background information is used for correcting the measurements.

Software
Importance of “Background noise”
One remark could be made: Most non-invasive proposals based on spectroscopy try to eliminate
the “background noise” by using different mathematical technologies. However it seems a bad
idea.
The “background noise” is full of information about the eye composition and body as a system. The
relative level of eye's molecules is important for making accurate measurements. It's not enough to
detect a presence of a molecule, it's relative amplitude must be cross-checked with other
molecules, because some situations may look some situation as anomalous when it's only not an
average situation. Many failures in commercialization of glucose CGM have their root cause in the
failure to see that many perfectly normal situations cause anomalous measurements for example
dehydration, or pregnancy.
Other interfering conditions




Altitude, temperature, and humidity. We should test those with appropriate sensors.
Improper storage and handling, eye unclean, unclean case. The device should incorporate
some “watch dog” mechanism to stop measurements when they may become inaccurate
and signal this to the user, and maybe to a third party such as a doctor or insurance.
Improper case location on relative to eye's.

Features implemented in the 'Eye's health sentry' for medical doctors:
An average eye monitor would only provides a “snapshot” at a single moment in time. Our device,
though, must give the user a better view of her eye health trends. It provides users with:

A graphic and informative log of past 48 hours only available to medical doctors.

The direction the condition is evolving and if there is need to consult a doctor.

Early notification of other health problems, by looking at several other molecules
concentration like diabetes.

Insights into how food, physical activity, medication, and illness impact health
problem.

Valuable information at crucial points during the day, including before and during
exercise, prior to driving, before test/exam-taking.

Interface to insurance.

Conclusion
We have presented 'Eye's health sentry', a device that relieves from angst of “when to
consult, is it already too late?” for frightening eye's diseases, that are common in aging
people.
It is designed to be used by anyone. There is no special handling requirement.
No similar device exists in the consumer market, but at the same time it is not a universal
tool. It fits the segment of monitors of certain ocular diseases by looking at proxy signs,
without any contact. It offers no diagnostic. There is the mandatory need of a medical
doctor in order to diagnose and propose a treatment.
'Eye's health sentry' is not a complicated nor a costly device. If produced in large numbers,
the cost could dramatically drop.
Does it help fully enjoy all the possibilities of life?

Yes, it enables to detect and manage heath threats that
would damage patient's quality of life.

Does it allows an eye care professional to identify serious Yes, it is mandatory as it may detect signs of very serious
underlying health concerns?
diseases.
Is the focus being placed on preventative care?

Yes, it detects the build-up of a biomarker, while the
disease is still manageable.

Does it encourage to seek regular, ongoing care from Yes, its designed to mandates regular visits to health
vision professionals?
professionals (see use case section).
Does it demonstrates to patients the value of an ongoing Yes because only the doctor diagnoses the illness and
relationship with their eye care professionals.
proposes a treatment.
How can eye care professionals be better positioned to Our device makes it possible to differentiate between
help patients with their own concern?
diseases that have similar symptoms by may have
dramatically different outcome.
Does it enables additional services to be offered by eye Managing our device is a additional service. We are open
care professionals?
to make it possible more personalization of the device by
the medical doctors.
Why the innovation is needed or would be beneficial to No similar health devices exist even if it deals with
patients?
diseases that are life changing threat.
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