Fabrication of portable/wearable retinal imaging systems for ocular health monitoring
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Introduction

More than 30% of human population suffers from vision related diseases.

Makeup of g!obak eye disease
As parcanes o cta gobal oy
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CLORML SHETITICS ON MIDICAL DRYICES

Japan is third largest producer of medical devices in the world.

Various eye diseases

As world population is ageing and costs of healthcare is increasing, there is a need to monitor patient’s health
status in his/her personal environment and provide access to healthcare for as many people as possible. Eye
related diseases and defects have an enormous adverse effects on human health, efficiency and social welfare.
Long term monitoring can help in early detection of vital signs and timely prevention of some vision problems .
One method of early detection of eye diseases is regular monitoring of eyes by use of wearable smart glasses or
it is necessary to develop

self-usable portable camera to collect images of retina/fundus. Therefore,
wearable/portable retinal imaging devices that can provide regular monitoring of eyes.

There are lot of accessible and affordable products in the market, but they require alignment of the device in
right position and direction and can’t be used by oneself alone.

bricated Eye Health Sensors

a The aim is to develop simple and easy to use portable imaging devices that can be used by
oneself without help of other person.

] Such devices can be helpful for large screening of patients outside of hospitals or clinics for
detection of various eye diseases such as Cataract and Glaucoma.
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Portable IR fundus camera for
Cataract detection using retro-
illumination

Portable fundus
camera

Wearable smart glass
type imaging device

Photograph of fabricated
portable fundus camera

Photograph of prototype
of wearable smart glass

glass

Metal sample, two types of model eyes and enucleated swine eye were imaged using the wearable smart
glass type retinal imaging system. Red laser (A = 633nm) and IR laser (A = 830 nm) were used to illuminate
the samples.

Schematic of portable camera with
scanning mirror and slit illumination
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4 - " Retina of pig eye
Reflectance image Reflectance image

Reflectance image

300 —
Ll @ | Q The wearable glass type retinal imaging system
1 is lightweight measuring 150 grams.
3 - b Rewintors = 2dgm 1
W= 23350 b X o q"._ O  2D-MEMS scanner helped to reduce system size

“'..:M g9 and weight with advantage of fast scanning.

R ""'"""""" Q  The proposed wearable eyeglass type system can
0w W Mo e s e 0 3 N W & 2 & be applied an easy to use screening and regular
Distance {mm) Froquency fpme) o PN
¥ monitoring tool for imaging of eye.
The measured resolution of wearable smart glass type
system is 22um which is enough resolution for imaging QO The fabricated system has enough resolution for

retinal arteries and optics disc for the detection of eye

early detection and diagnosis of eye diseases
related disorders.

such as glaucoma.

Ref. : N. Kaushik, T. Sasaki, Y. Takahashi, T. Nakazawa and K. Hane, “

MEMSbased wearable eyeglasses for eye health
monitoring” , Biomedical Physics & Engineering Express,6,015006 (2020)

Portable fundus camera

A model eye , enucleated swine eye and human eye were imaged using fabricated portable fundus
camera. White light LED and Infrared LED (A= 850 nm) were used for illumination of retina .

Image of retina (model eye )  Image of retina ( model eye)
( Mumination = white LED)  ( lllumination = IR LED)
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Images taken with varying size of aperture

Enucleated Pig eye Sample-1

Dissected pig eye Sample-2

Images of pig retina taken by fundus camera.

Person-1

Human eye Person-2

Images of human retina taken by fundus camera.

Choroidal vesseh

Wide- field fundus Images ( enucleated swine eye)

Narrow- field fundus Images ( enucleated swine eye)
O Oblique /off-axis illumination is simple and cost effective way to improve the contrast and to
get quasi 3D image.
O Oblique illumination in our fabricated fundus camera was created by using an IR- LED with
narrow beam angle placed at an angled position.
O The depth of optic disc of swine eye was calculated by using the shadow created by oblique

illumination.

Fundus c

with slit-illumination
O Cataract is leading cause of blindness in the world.

CySmarical

u-- Q  Slit-lamp ophthalmoscope are big in size and can’t be

I used outside of hospital/clinics .
oll}

Schematic of portable camera with slit-illumination  Slit-light obtained by using cylindrical lens for Green and IR-lights

Cataract was induced by injecting formaldehyde solution (formalin) into the lens of the pig eye, Images
were obtained using slit light and compared with normal swine eye images.

O A portable fundus camera with slit illumination is
highly desirable for mass screening and personal use.
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Normal Pig eyes Eyes with cataract Removed pig eye lens
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Normal Pig eye Pig eye with cataract

Er Lons with Catarict

A

Choroidal vessels are not
visible due to scattering
caused by the eye lens.

Choroidal vessels are
visible through eye lens.

Summary and Future Wo

Simple and easy to use portable retinal imaging system and wearable smart glass type imaging system were
fabricated. Portable fundus imaging device or camera can be used by oneself to take image of the retina without
help of other person. Images from enucleated swine eye and human eye were successfully taken by using our
fabricated simple fundus cameras. For our all fabricated devices the measured light intensity on cornea and retina
is much smaller than the maximum permissible beam power recommended by ANSI .

Future work
QO Fabrication of newly designed portable fundus camera for Cataract detection.
O Application of Al for our fabricated devices for better disease diagnosis.
0 Combining Cataract and Glaucoma imaging devices into one portable imaging device.
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4 o IngeSt|°n {y 9 Activation j = — — & Backside contacts
e Sensor with The microbattery L === = B S0,
n‘gc:osbattery is activated inside ~05mm I B si
( mm) the stomach with
i id i Hydrogel Anode (Zn) Cathode Gas outlet
Stomach g:setre?:t?gll t:Ctlng Fluid inlets valve (A/AGCI) =W via
(PH~1.2) Yy Electrodes Capillary pumps Hydrogel Valves
& Small intestine (to control absorption of electrolyte) (to stabilize pH of electrolyte)
(pH ~6.8)
Microbattery
Outet O Hyd[ophobic
N cQatlng Simulated
Gastric Si intestinal fluid (pH 6.8) 300 pm
fluid (=Y = 3
Glass
Inlet Tungsten vias
. - . c tions t
Microfluidic reservoir v ¥ ntegrated
(Silicon) sirot
- BX R " —
RIEZOEAR fERLIEVYI70O%;
Microelectrodes Microfluidic reservoir Si after Photopatterning Example of completed m'crObattery Integratlon W'th
of Adhesive Side view i Sensor Device
o g jv"””k Siwafer i E with (Mockup Model)
S : s outlets
# Inlessssseniial - - Capsul
P‘lmesn oo + ) Backside contact Wie:ﬁssléﬁsor
KC1 (0.1 M) I . . l o] Backside to cathode
- oo pteratt —— (Ag/AGCl)
_/adﬁes'.?é‘ emene 5 mm
'. -. -. - Backside contact —
Cretchant . to anode
@» — {} (2Zn)
Inlet
@Z Bonding, dicing Microbattery
Farm : : Side view S0,
Em:ﬁzm => with Inlet 5 mm
H . inlets Si —

3D printing Al prossure Zn-Ethylcellulose AgCI | Zn (increase of active material) AgCl | Zn vs MnO, | Zn
(~20-100 kPa) _ — EC 5 wt% (100 pA) P 200F
Ink (Zn; Ag/AgCI) Nozzle ::3’1 ok ~— EC 10 wt% (100 pA) g 1.00 X
2 < 1.75 /x\
08 <075F S 150
> 3 L =
>0.6 2 - 2 1250 Thick film
; z 0.50 g 3 /
§>0_4 % % 1.00
o 0.2 = 0.25F 8 075 _— Thin film
Substrate 3 > C 1 K] _} MnO, | Zn (5 uA)
= L mm _ = -
Coob ot M) 8000 TR )8 sz
3mm T 0 1 2 3 4 5 6 7 0 2 4 025 _} AgCl | Zn (1 pA)
Time/h Time /h 0.00 —
Inks: 0 20 40 60 80
. Anode: Zn (~5 pm), Ethylcellulose as Time / min
* Cell voltage ~ 0_'7_0'9 v (Ag/AgCI | Zn: ~9'98 V) Cathode_b":"“j; o1 (commerdial) « Direct writing of electrodes using customized inks allows achieving higher
* Electrodes realized by sputtering have thickness =—— Ag (S%mhesized) with film thicknesses (~100-200 ym) and to increase battery capacities
of ~ 1-3 ym, which limits the operating time of Poly(1,1-difluoroethylene . ; " :
the microbatteries to 5-20 min (PVDF) as binder and acetylene Depending on composition, decrease in cell voltage
black as filler = Further optimization of ink formulation and/or active materials

N

RODFPE

» Demonstrated the concept of biocompatible microbatteries as power
sources for ingestible sensors

» Direct-printed electrodes using custom inks enable to achieve higher
capacities and operating times of several hours compared to the thin film
electrodes; MnO, | Zn is a viable alternative to AgCI | Zn

» Extend development of biocompatible microbatteries to stretchable batteries

as power sources of smart wearables, smart glasses, efc.
» Adapt 3D printing process to stretchable batteries

* Further optimize formulation of inks
(nanoparticles instead of microparticles, surfactant, humectant, etc.)

ERSE | A/ N—2 3 VEIRHEEARTT FEEXZIEE TEL: 022-752-2186, E-mail: promo-
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Fig2. Measurement scenery In the heated measurement room
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