WO 2012/ 136431PCT/ EP2012/ 053825 Devi ce and Method for Detecting Ophthal mc
and/ or Brain D seases The present invention relates to a device and
met hods fwo 20mmi3t43ni ng bi onechani cal opht hal m ¢ par anet eCc3/ERna2063820r
detecting and/ or diagnosi ng 5opht hal m ¢ di seases. Mreover, as the eyes are
connected with the brain, the nonitoring of these ophthal m c paraneters,
and in particular the nonitoring of the intraocular pressure, can be used
according to the invention for detecting and/or diagnosing brain diseases,
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example the intraocular pressure, over an extended period of time, for example

during a specific activity, drug instillation, etc.

15 Devices for measuring the intraocular pressure (IOP) over a period of
time are known in the art. These devices typically comprise a pressure sensor
for continuously measuring the IOP, which is embedded for example into a
contact lens that is placed in a non-invasive way on the patient’s eye, or into a
support that is implanted into the patient’s eye. These devices further comprise

20 areceiving unit and a telemetry system for acquiring IOP data from the sensor
at given intervals over a period of time. The IOP values measured and recorded
are for example averaged and/or filtered, if needed, and then interpreted by
physicians in order to detect elevations of intraocular pressure that could lead to

glaucoma, which conducts to a gradual loss of vision.

25 The systems described in the prior art are for example designed to
measure a few IOP values per second during a few seconds and perform this
measurement cycle every few minutes over a certain period of time, usually up

to 24h, in order to get the circadian or nycthemeral profiles of the |IOP.



WO 2012/ 136431PCT/ EP2012/ 053825 2 It is an aimof the present
invention to provide a systemconprising a near real tine neasurenent of
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15  device adapted to be placed on or implanted into an eye of a patient for
measuring said at least one biomechanical ophthalmic parameter of said eye, a
recording device for obtaining from said measuring device measurement data
representative of the instant value of said at least one biomechanical
ophthalmic parameter of said eye, wherein said recording device is adapted to

20 obtain said measurement data at a predetermined frequency equal to or greater
than twice the variation frequency of said at least one biomechanical ophthalmic

parameter.

These aims are also achieved in particular by a method comprising
monitoring at least one biomechanical ophthalmic parameter of an eye of a
25 patient using a measuring device adapted to be placed on or implanted into an
eye of a patient for measuring the at least one biomechanical ophthalmic
parameter of the eye, obtaining from the measuring device a plurality of
measurement data representative of the value of the at least one biomechanical
ophthalmic parameter of the eye measured at a predetermined frequency,

30  wherein the predetermined frequency is equal or greater than twice the variation
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t he devi ce ppécise andlccurate measurement of the IOP. According to the invention, by

maximizing the accuracy, the sensitivity and the frequency of IOP

measurements, biomechanical parameters can be observed and measured,

which could not be measured with prior art systems. The system and the

15 methods of the present invention thus allow measuring, computing and
analyzing biomechanical ophthalmic parameters like for example, but not
exclusively, eye blink and/or pulsation patterns of intraocular pressure, eye

movements during rapid eye motion phases, etc.

The invention will be better understood by reading the following

20  description illustrated by the figures, where:

Fig. 1 shows a device for measuring biomechanical ophthalmic

parameters over a period of time according to an embodiment of the invention.

Fig. 2 shows a system for monitoring biomechanical ophthalmic
parameters and/or for detecting and/or diagnosing ophthalmic diseases
25 according to an embodiment of the present invention, comprising the device of
Fig. 1.

Fig. 3 shows an example of a biomechanical response of the eye to an

eye blink stimulation.

Fig. 4 shows examples of responses of eyes in various conditions to an

30  eye blink stimulation.



Fig. 3 shows an exanple of a bionmechanical response of the eye to an eye
blink stimulation. W) 2012/136431PCT/ EP2012/ 053825 4 Fig. 5 shows an
exanpl e ovoaopul3sestti on pattern of the intraocul ar press®BCEEP2012/053885 g. 6
shows an exanple of a pattern of eye blinking during the awakeni ng peri od.
5Fig. 7 shows an exanple of a pattern of4 eye blinking over an extended
period of tine. Fig. 8a and 8b partially show a system for neasuring
rapid eye notion according to an enbodi nent of the invention. Fig. 9 shows
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Fig. 9 shows a typical pattern of rapid eye motion during a sleep period.

10 Fig. 10A-D show example of variations of a monitored biomechanical

ophthalmic parameter due to various events.

In embodiments, the present invention relates to a device, a system and
methods for measuring and/or monitoring one or more biomechanical
ophthalmic parameter in order for example to determine the response of an eye

15  of a patient to various events and/or situations including for example, but not
exclusively, an eye blink stimulation, the pulsation of intraocular pressure, the
rapid eye motion during a period of sleep, the use of drugs or medication,
physical activity of the patient, etc., using a system capable of continuously and
accurately measuring at least one biomechanical ophthalmic parameter,

20 including for example, but not exclusively, intraocular pressure, corneal
curvature and/or micro-displacement of the eye, with a frequency at least twice
as high as the frequency of the changes of the at least one parameter to be
measured, for example at least 10Hz, over an extended period of time. In
embodiments, the present invention further describes a system comprising a

25 computer having preprogrammed algorithms, or a computer program thereon
able to display, analyze and process the measured data and give for example
essential information on the ophthalmic condition of the eye when the computer

program is run on the computer.

Fig. 1 schematically illustrates an example of a device 1 for measuring at

30 least one biomechanical ophthalmic parameter over a period of time according



measured, for exanple at |east 10Hz, over an extended period of time. In
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25 conputwo 2nevi3egp1pr epr ogrammed al gorithnms, or a conpuPed/Bre@gnaise: her eon
able to display, analyze and process the neasured data and give for exanple
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conputer programis run on the conputer. WO 2012/136431PCT/ EP2012/053825 5
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The sensor 2 is of any type adapted for measuring the at least one
ophthalmic parameter. In the illustrated example, the sensor 2 is for example a
pressure sensor in the form of a MEMS (Micro Electromechanical System), for
example a piezoresistive or piezoelectric pressure sensor with a diaphragm and
20 apressure cavity that create a variable resistance for detecting strain due to
pressure applied on the diaphragm. Other types of sensors, for example, but
not exclusively, other types of pressure sensors, are however possible within
the frame of the invention. In embodiments, the sensor is for example a
pressure sensor using at least one active strain gage and at least one passive
25 strain gage embedded into a support in the form of a contact lens, preferably a
soft contact lens, which allows achieving a precise and accurate measurement

of the IOP and/or of mechanical deformations of the eyeball.

In the illustrated embodiment, the device further comprises
communication means 4, for example an antenna for allowing wireless
30 communication from and/or to the device 1, and a microcontroller 5. The

microcontroller 5 for example powers the sensor 2, reads measurement data



25 strain gage enbedded into a support in the formof a contact |ens,
preferably a soft contact |ens, which allows achieving a precise and

accur at e woaswBsmsmnt of the 10P and/or of mechani cal defPorm®eées3ses t he
eyebal | . In the illustrated enbodi nent, the device further conprises
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30communi cation fromand/or to the device 1, and a mcrocontroller 5. The
m crocontroller 5 for exanple powers the sensor 2, reads neasurenent data
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measuring device 1 and/or storing the collected information during the
15 monitoring time periods, and a computing device 7, for example a computer, for
storing, analyzing, computing and/or displaying the data collected and stored by

the portable communication device 6.

The portable recording device 6 comprises a first communication

interface for communicating with the pressure measuring device 1. The first

20 communication interface is for example a wireless communication interface
comprising an antenna 63 that is advantageously placed near the measuring
device 1 when the measuring device 1 is worn by a user. The antenna 63 is for
example integrated into eyeglasses, not represented on the figures, and/or into
a for example disposable, flexible and hypoallergenic patch, also not

25 represented on the figures, which are or is worn by the user during the
monitoring time periods. Other means are however possible within the frame of
the invention for placing the antenna 63 at a suitable distance from the

measuring device 1 when the latter is worn by a user.

The portable recording device 6 further comprises a second

30 communication interface for communicating with the computing device 7.
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antenna 63 is centered with the antenna of the measuring device 1 when the

20 measuring device 1 and the portable recording device 6 are both worn by the
user. The diameter of the antenna 63 of the portable recording device 6 is
preferably larger than the diameter of the measuring device 1. The shape of the
antenna 63 of the portable recording device 6 is for example round, oval,
rectangular, polygonal, or any other appropriate shape. The shape of the

25 antenna 63 of the portable recording device 6 is preferably adapted to the
shape of the device, for example the eyeglasses, the patch, the piece of

garment, etc., to which it is attached.

According to embodiments, while monitoring the at least one
biomechanical ophthalmic parameter, the portable recording device 6 powers

30 the measuring device 1 through the first communication channel 150 at for



25 antenna 63 of the portable recording device 6 is preferably adapted to

t he shape of the device, for exanple the eyegl asses, the patch, the piece
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t hrough the first conmunication channel 150 at for 8 exanple regularly
spaced tinme intervals and collects data sent by the mcrocontroller for
exanpl e t hreagiple FrrouateppRcast timpdnteawais ANe godedts clata sent by theco| | ect ed dat a

for examp! ¢ ERIRAIES: BF SRAERA S AT a kbR oF O RRSALAHEIIoe? V2l Ue o

the at | east "one nonitore onec al mtc S5parameter cal cul ated
by the m croconttqller, of the nmeasuring device 1 on .the bhasis for exanple
of the sensor- s Giisetad Saip O arANE em nenies! sibngs 20T B Srdiea i <
stored in ighdesralaliedrtye af lcbbeom® hidtioted BRPisHH2Sic2 vpEalmic The at
| east one bi onechani cal ophthal mc paranmeter is for exanple neasured at a

pr edet ePni REEEMEE]Geleyated Byrihe mistnaeetioder efifbeeamtrngriewes noasei ng
frequency i RaUAL, LOCR! ofYHaNGh LIaR RS o1diid T QHAMIMEl! i var i ati ons
mec op alm er to

of the at |'east "one Dbro anica par ame e'noni tored. The

pr edet er m netledtedqiata ystbrasinfinterexlanpmery eptedsortablé hecdridimgl ddwceod. t he
nonitoring. The predeterm ned frequency for exanple depends on the known or

supposed 15 frequenayedét Gt ISiBRIEchBARMFOPthaInYidPardmeterad fdrisxammsisur ed at
| east one bi onechani cal ophthal m c paraneter. I n enbodi nents, the

predet er mi MeRRSUreq@eAdyedetepneeTe@ eiCyow for a preci se and detail ed
representation of the variations of the at |east one bionmedical ophthal mc
paranefl@r. The pneddrasimentsd theepragictergined meascying $regpienhyiss ¢équalésanpl e in

the range of 10 .to0 20. in order to . allow.a precise representation of the
variation ovdnge teades BeBUERon BB BT ReR e SRR 1 & shor
period of tWigMechaica cvithAnidparanétal tPPe Morittfedaripicletshitiihé@ a bl ink
of the eye. The at | east one bionechanical ophthal mc paraneter is for

e]>c<arrpl e 2?frre@@@nf:)éﬂwtforﬁéamp&j_@e@emﬁmtm@@@m@ptr@,@pnw@(gme? peri Oﬂ
of time, f QSRR BaTRERARY 187 BHE e UeddAE HrdRRIMIL Qlodexapp! e on the

vari ations e para nee be anal'yzed and/ or on

t he di agnosiegjuehay ohar@dsehvindacimgdevariatiopndrade mesdstred Be lezist bagast one
bi onechani cal ophthal m ¢ paraneter is neasured at the predeterm ned
frequency f¥PMechaniedl ophthalmioBaragieter-ne, for exanpl e sone seconds or some

m nutes, wherein the _ _
In embodiments, the predetermined frequency is chosen to allow for a

precise and detailed representation of the variations of the at least one
biomedical ophthalmic parameter. The predetermined measuring frequency is
20  thus for example in the range of 10 to 20 Hz in order to allow a precise
representation of the variation of the at least one biomedical ophthalmic
parameter in a short period of time, for example the variation of the parameter

during a blink of the eye.

The at least one biomechanical ophthalmic parameter is for example
25 measured at the predetermined frequency over an extended period of time, for
example seconds, minutes or hours depending for example on the variations of
the at least one parameter that need to be analyzed and/or on the diagnosis
that needs to be made. In embodiments, the at least one biomechanical
ophthalmic parameter is measured at the predetermined frequency for limited

30 periods of time, for example some seconds or some minutes, wherein the



WO 2012/ 136431PCT/ EP2012/ 053825 9 Iimted neasuring periods are repeated
for exanple at regular intervals or upon triggering, for exanple upon

occur rencwoah12213pssit i cul ar event. The net hod of PCh@&PRIAMISEHN t hus
allows a precise nonitoring of the variations of the at | east one paraneter
over extended periods of tine, includin@ 5at night, while the user is

asl eep. At sone nonents in time, for exanple once a day, once a week
or once a nonth, the user and/or a practitioner connects the portable
recordi ng diViegengasying eoiRsa anegegeaiagdor examplesiipguiariticaadapupenr, over

a second c i i nel ]&%FI L. el.ess conmuni cati on
channel , 18 %%r‘r@zérrg g@%ll@gpoo ,rrfe&;gﬁfgzﬁgrg%@a%‘%%ert. appropriate

W rel ess comuniscati op c el.. The cond communi cati on, chan 160 can
nowever ai <o be Ry ASEIR NG i alPRdRES AR St PERE hAMIFEY Bibe ' Che
portabl e reefatbmgorige a?t&e@stlﬁmecmamétt@fﬂb\lie? éxlt@nd"emﬁdd%gofdﬁ?m,q{&clﬂdirfghe_
data collected and stored in the internal nenory of the portable recording

devi ce 8 i @tnidriswiile B Wsass eEleeP5 second conmuni cation channel 160 to the
conputing device 7 for further analysis, for exanple in order to detect
and/ or di agnose Adsloreameintents sehimes foraxahyle ioncecdéday, tomce@wveek of hecef f ect s

of a nedical treatnment followed during the nit ori eriod, determ.ne its
of 1 ci ency HRANBE e 0srbmy Bl sra ot adesr Rt tBB R dRd RS

| east part tof ddnep@tRigPd&Ied Y Sfop eXBAHPM th coRfpuier besPaRrReLsld deci sions are
performed automatically with the help of one or nore conputer prograns

runni ng on CORBNERIGBIEN Aljareli168, for ekgarie Bakifelens cCamatieation I,
determRpat i r [ i f ' t. - t

part 1y Qut a0 R}R BRER S, %5 r BEV e oRasbs Bt b e fL edifn s S

opht hal m ¢ chanaskeTae seeand cethniumicaigort biearmeli1Bordamhgqesvaerdiisd be erpodi nent s
the nmeasured variations over tine are for exanple conpared with typical
variati on SPREPRIRIR YfresyRARISation cORARBE ONCs theRorighleracerdipg eyice
standard e G fi i I - and

t he sanpl e)églgr@ﬁée?ﬂgg?grthgggmhgﬁeg%ﬁ’2@%%@8@@%@@#3&&68gﬁg@;zed in
order to 30ntposAintdrodi afghe seriableomtohdihgidevites: steanstereedeasutned val ues of

the monLtored at | east .one opht hal ramet er ,.and/ or t ypi cal val ues
of sar doar SO0 BRI TAR R R 15 08 35 Boguting dedice 7 for et
analysis, for example in order to detect and/or diagnose ophthalmic diseases,
and/or in order to control the effects of a medical treatment followed during the
monitoring period, determine its efficiency and/or possibly adapt it in case of

need.

20 In embodiments, at least part of the data analysis and/or of the
corresponding decisions are performed automatically with the help of one or
more computer programs running on the computing device 7. The detection,
diagnosis, control, determination and/or adaptation is performed in particular by
at least partly automatically analyzing the variations of the at least one

25 ophthalmic parameter measured during the monitoring period. In embodiments
the measured variations over time are for example compared with typical
variation schemes corresponding for example to that of a healthy or standard
eye. Any significant difference between the measured scheme and the sample
scheme is for example automatically detected and/or analyzed in order to

30 possibly diagnose an ophthalmic disease. The measured values of the

monitored at least one ophthalmic parameter and/or the typical values of said at



| east one ophthal m c paranmeter for a healthy or standard eye are for

exanpl e di spl ayed as one or nore curves in a two-dinensional graph with the
val ue of wbeomt13bsast one opht hal mi ¢ paraneter bei ng repcesPntiedsisnest he
vertical axis and tinme on the horizontal axis. 5The one skilled in the art
will understand that, in the above and 10l 1ow ng exanples, representing the
val ue of a neasured and/or nonitored ophthal m c paraneter, or depicting
said value, on or by the axis of a graph can nean for exanple reporting on
said axis ae3silone aintkalmic pprameliere Hasalin erstandardeye pieder sxaMpleonput ed
fromat le I I e Jbeal - S r i ved
from the colPians & 8B8crride SRS Rio-ShAGhibAE aahfin e BIIFEE

peri ods, othdat kst gpne ephtiaimy maratieteaeing régregahisel @i tHeheerttalcixis cal
signal, which is representatiye of the value of the ophthal mc paraneter to
be noni t or &fd time on th%i?}‘i’f'?arr‘tlall?x'énal ysing the neasured val ues of the at

| east one ophthal m c paraneter can nmean anal ysing val ues of said paraneter
that wePe previ di§ gne silledifpireaart wilbyndatstaaddbet it e abpepeadnrd falowingd from
the corres ' [ [ I j .. signals
recei ved fr%%%?ﬂpﬂ%s,igﬁr}ggggﬁ%f@%%@%gg%%Qﬁsd@b%/varpbgﬁ?r%gmﬂw%@ s, the
noni t or i ng peyahetarconpepisirsy baid valas Wwn orgoyditel ds of a goaptetan enedr fow

si mul t aneousl y noni tor.i n%nbot_h eyes of a_patient, faor 20 exanpl e over

ext ended pERPBIRS EPATTING O BKIAIR AU G REIKARIIPFIRYC ABTATEE" NahNa%neous! y
and/or al t raAbLYFIY AofPbEIstsd dhd BEnanm: Boimalldh Ei8eRLd agnaevi ce ©

that for exanp s connected to and/or Conprises two antennas.
Accor dilgl yeceired front tiel @rrespondinggsateor deripg dfie measyring @negoronomiworgds

data received fromhoth intraocul ar neasyri ng deyices. 25l n an_enbodi nent,
the. et hod PETIoHRGST sty BROTER G arres 14 HILe RbLE FierGeals SRr D

anal yzi ng adebrBsémati®s bZiHaOvdIRE of BRPOARRaPhic PAr&avetdrfo d8 RYSitdtebnk ,
stinmulation by nonitoring the intraocul ar pressure (10P) of the eye during

at | east one eyeblbak eﬁwds%d%ﬂgé ﬁﬁ%%éuféd\gamé’é Il étrrga%t%d&ﬁtﬁggﬁed/ or

characterizing the neasure rrng a natural eye blink cyc t he eye
lid is 30 masasagtarganheeananabisingudiaeeobsait parayetarndatt weregbrermushusi ng

bi omachgni cal UX\D ?012 136%431PCT/.EP 012/ 053 ﬁ_S 1&@2ti nul ations of the eye.
These 4Pi mPHRUWES ToEhKEF e CahRgRARIreSH Ve PBhEIECIrHSPPE NSO ke

modi fi cati %aﬁfs_iﬁgrﬂﬁec\%llﬁ‘@@bf FrMBEHES GShaIS e Ediva@RirbAT iHetpfeshbRdHP- The
responses are ‘di fterent depending on the ophthal mc conditions of the eye.

Accor di ng tsénsbe present invention, continuously and precisely 5 neasuring
the response of the eye to an eye blink thus all ows gathering useful
i ndi cations on theaoaht érabotinentsidheinoonitefringhsy segre cantprisesttiverméasyrsng

reaponse. ofelltesyR TR EoB DinHeneey MR GRS At ov et BbA@atet 0tk ai ned
by treapi ngxanbidoset @xtbAded PBri¥as BEEmET Preferably, both measuring devices
simultaneously and/or alternatively communicate with the same portable
recording device 6 that for example is connected to and/or comprises two
antennas. Accordingly, the portable recording device preferably stores or

records data received from both intraocular measuring devices.

25 In an embodiment, the method of the invention for example allows
measuring, displaying, analyzing and characterizing the response of an eye to
an eye blink stimulation by monitoring the intraocular pressure (I0OP) of the eye
during at least one eye blink cycle and measuring, displaying, analyzing and/or
characterizing the measured data. During a natural eye blink cycle, the eye lid is

30 massaging the corneal surface of the eye and therefore causing biomechanical



10i ntraocul ar pressure, neasured by a neasuring device according to the

i nvention, in a two-dinmensional graph where the horizontal axis depicts the
time el apgedommidodsinere the vertical axis depicts the 10PCraiPee2/053825 exanpl e
directly or, as explained above, by reporting the value of an electrical
signal, for exanple an electrical tensidh, obtained froma correspondi ng
sensor and 15representative of the 10P. Curve 11 shows a typical
triphasic response of a healthy or standard eye. The resting pressure 12 is
t he i nt rao&timadatipnssafibe egi hinesseldmulations geperais bl'Qfﬁngl‘Pﬁ%trﬁW@%@ér turbs
it. The risi L3 - act er I : up to
a peak val Eﬂéé]q%fﬂﬁlag%ﬁg%ﬁb (@tﬁit 'gjﬁt ?éﬁ%ggrlr%;éll 8@?@ %Eggggq%&%?#%@@?ar

pressure i tisé Pt Mee eysparsses enle kijfférbat dyerding pn iss ophthamicheneiitiomsaofdur i ng
an eye blink stinulation. After reaching a peak val ue, relaxation of the
rg%&t

i nt r aocul athe P¥SLRSCUINGLS tHA PEBIRINIMYPNYER BURHAYAKOPTECSSIY on of t he
I nt | | ' faldd ; 5
L1 208 o B5as o b RS SIS BBl Mol g sl

where the intraocul ar pressure eases ,

endi ng bel avdicatsonses thegophitbaknic €ohditiandf therayasnfdurtsentespe diagthosing i me
bef ore gradu%w regchi nﬁg back its resting pressure. This third and | ast
phase is cAPEW'NHeYSPEPTY i zati on phase 16. The undershoot peak val ue 17
represents the mnimal intraocular pressure inside the eye during an eye

bl i nk stimul at | 619 THEOBGIYPIE DIPBESHRBICAHiESPORFS O5ah GiPded /4 Wik of al
. ot e . .
| ntraocul arsipf fSHH ThY %ggﬁ@%ﬁ%’%t%@ﬁoﬁﬂf%éﬂﬂ?g é@ﬁgisgfgaﬁq%maue%ﬁur ring

I nside the eye during an at1on. ve pressure
peri od1Q9 nrtpacsdant ressaepardasdraxf by ameeasiDirg0d<Vid8 64S8ArBOH BRA612/ 053825 12

| d bet . th i Si h d the falli .ph limted to.the ti
Shapsel e urlion B e MnBISpGardiaphanssa ths Darifnaetatis oRicEs e gy
represents eﬂék%efdoérﬂi whefd ﬂ*\%?\!‘&rﬁéalgx%sééﬁ 8tsl tH@ﬁ@F’S\%Iué,rf@Frbi(é‘rﬁglté?(ﬁiEédtWe

[
resting pressure 12, occurring inside the eye during an eye
sti mul at i o®r, ahexplemedraimvee by sepTling the pakieaitan elaetrigsl sigaalofort i me bet ween

the rising &g?nsp?e%\ eﬁlencgri&ar\ﬁeﬁsr}gn,Og)bt%rﬁ%dsftrgrg IaI c':ozr?és'p%rﬁdpn%aéeenslo?'and
15 representative of the IOP.

Curve 11 shows a typical triphasic response of a healthy or standard
eye. The resting pressure 12 is the intraocular pressure maintained in the eye
as long as nothing perturbs it. The rising phase 13 is characterized by an
abruptly shoot upward up to a peak value 14 which represents the maximal

20 increase of intraocular pressure inside the eye caused by the eye lid pressure
on the cornea during an eye blink stimulation. After reaching a peak value,
relaxation of the intraocular tissues causes an abruptly decrease and
stabilization of the intraocular pressure. This second phase is called the falling
phase 15 where the intraocular pressure decreases to its initial value, often

25 ending below its resting pressure 12 and remains for some period of time before
gradually reaching back its resting pressure. This third and last phase is called
the stabilization phase 16. The undershoot peak value 17 represents the
minimal intraocular pressure inside the eye during an eye blink stimulation. The
negative pressure interval 18 represents the total intraocular pressure drop,

30 from the baseline resting pressure, occurring inside the eye during an eye blink

stimulation. The positive pressure period 19 represents the period of time



It has been observed that the bionechanical response of the eye to an eye
blink stimulation can differ under certain conditions. According to the
present ewbadizmmtdl t he nmet hod of the invention is usedPCOEPeXANEISRSt O
detect 10different pathol ogies of the eye by conparing the response to
reference values. Fig. 4 shows three ex#d@ples of eye responses that could
be related to non-healthy eyes. Curve 20 shows a response where the
negative pressure interval is big. Curve 21 shows a response where both

posi tive préaRigddeiwersdhanging riase and thenfapiegirhesarbmiteddo teulime 22 shows
a 1 esponse hef £ RqRI ke HHBT SRUEIRRT bR iMiVal PoRRgs e @
ere is no undershoot or negative pressure Tnterfval. cording to
enbodi ment shetotbhiatraowaat passutdimcredseadron tire issdine rest{ridpessire 2, eye of
a patient is thus for exanple nonitored over a given }E)eriod of tinme, for
exanpl e durqcﬁtj"wrfﬁs'g@dﬁﬁ : © dpipg I AR EE‘%?“%%@,O”\J 1 "EEPEORE MY '8fdi ng
system gs C%%%EFb‘één?sbg}\éee dbd @Htﬂﬁé%t\)&éé#tﬁé‘ﬁsliﬁg?ﬁaké1'3'ér#bsttr{eaérﬁijof n Fig.

2, wherein the Sensor e measuring device a pressure sensor. The
10P val ues the stahiledtidaphaged6det er mi ned nonitoring period are upl oaded into
the conputing device 7 of the systemand for exanple displayed as a curve

representing thet Hébaean bbteropdavatrthe tiomechanieslvabpomsd oftthegyattolazast one
eye 25blink cycle. The variation of the nmeasured 10P during the at | east

one eye bl iR RPKISEMUatiaesy difer gPEeerARl) cRuebiRRs 48Fa¢INaHaIY%ed by said
conputing de¥ioes e?n%ciiﬁ‘uehh%h@%é}geéﬁt@fn‘&x@ﬁf?@ﬁ"@ lﬁ%&ﬁ%ﬂéﬁglé’f&&é@m
. Th analyzing th

runni ng on'the conputing device e step o neasured data
for exdbpl aiftayapt pates|agiroofkibecaiel yy carhpatiag ihegrespdhee torezferancegrailes. val ue

of at least_.one indicator. 30 Accpording to th resent enbodjent, the at
Ccast one i S0QHS FECOIRSERIPIPT OhFLe HRReRSer GO BF S BB AHg f or
exanpl e th%e’éﬁﬁ%@%é@. CONRIMRERoWH 8 rB8SérideRhedne negative pressure interval
2012/ 136431PCT/ EP2012/ 053825 13 pressure period, the stabilization period

and/ or t he inbigaGuree Bil éboutsea respensaiwhsire tiot positivepreasuenpatied agdan eye
conpar e S0 el R S HBRE iy B e s B R ke 7, for
exanpl 5w tiheds(pe pariodas ves 16hg epineserenterdisintdin@irensotdrategatingal t hy eye.

In case a significant difference is detected, for exanple
pressure interval.

According to embodiments of the invention, the intraocular pressure

(IOP) of the eye of a patient is thus for example monitored over a given period
of time, for example during some seconds, some minutes or more, with a

20  monitoring system as described above in relation with the example illustrated in
Fig. 2, wherein the sensor of the measuring device 1 is a pressure sensor. The
IOP values measured during a determined monitoring period are uploaded into
the computing device 7 of the system and for example displayed as a curve
representing the IOP variation over a time interval including at least one eye

25 blink cycle. The variation of the measured IOP during the at least one eye blink
cycle is analyzed, preferably automatically analyzed by said computing device 7
with the help of a corresponding computer program running on the computing
device 7. The step of analyzing the measured data for example comprises
automatically calculating and/or measuring the value of at least one indicator.

30  According to the present embodiment, the at least one indicator is chosen from

a group of indicators comprising for example the negative interval, the positive



automatically cal cul ated by the conputing system 7, between the val ue of at
| east one indicator of the nonitored eye and a target value, or target

val ue rarwo,202f13643¢ correspondi ng i ndi cator, a nmessage POUEP2M12WE380F a
possi bl e non-healthy condition of the nonitored eye is generated and

possi bly displayed by 10 the conputing #@vice 7. In enbodinents, the
conputing system 7 further automatically anal yzes the noted difference or
di fferences and automatically determ nes the condition of the nonitored eye
possibly r e%%%ﬁr\éeH?Ieélofiofrhesﬁia%m@tfqrbp%rﬂ%@?d/pbFh%&%@iw@ RIepsYR iNteryalcdul ar
pressur e candidbQrialil AKAg AN CORAALIRN I M GamRI g, ARLEGR
perforns the above calcul atmons and dnal'ysi's over several eye bl nk

cycl es in dndlestot valtesfdre thet compalrdd] idreextdmeplersltysiaticallydiampaliegdrotbies
perfornmed on the basis of }he 10P variationf during a first_%ge bl i nk
cycle. I'n SRMHHBNASYSEMJdIAEREMRIGY Y RIEE WRIUEHET CATBFRINTING BIFIBIAIFI e

al | ows ﬁﬁa?('f)'r' 4 ﬁ@alt@% égé.qwdége aaélghiﬁééﬂtgdiﬁéfén%@% @%fe%"técfifé?rg?ié}ﬁgi\éar lation
pattern 200f the 1 ntraocul ar presSsure during the sleep and/or between eye
bl i nks dur iangporhacallyycalAdatedddiynigeycon dingntyséaro ul, betweers e waloé odat eye of a

patient is nonitored duri several hours during.the day,k and/or, the night.
"o addi t1 0P 38 R ettt e oy Bad PP Fof eterhiyohir o (IORE HLE T beat
whi ch happegggatoftthe coABBpdridify ftfivatds d Mesbage ifditiveld® PBNYIdIENoRY System
and nethod of the 25invention allow neasuring that other pulsations of the

i nt r aocul ahegitey sanditios ®f thelmonitgresbexe iscgensiigtegiang pegsikii@isplayad bng t he

thus a Dowste PmaEha RIS R RELReR, IR AP IR bR TR They arc.
generated kytdhaticayrinal@esttheombté®diffeeerigd drcaitfereices andaiitbmagioaly and

preci sely neasuring the pattern of these 300t her pul sations during the
sl eep of ~adgiermunes theneprytitienuef the mavitereyd aystrassibly FrRspronsig fafisuUsticl es,

oS, P R REES fof AP B 2R ArhBEIBPRIRRLE Gt on of VO
In a variant embodiment, the computing device 7 performs the above
15 calculations and analysis over several eye blink cycles in order to confirm or
invalidate the analysis and/or diagnosis performed on the basis of the IOP

variations during a first eye blink cycle.

In an another embodiment, the method of the invention for example

allows measuring, displaying, analyzing and characterizing the variation pattern

20  of the intraocular pressure during the sleep and/or between eye blinks during
the day. Accordingly, the intraocular pressure of an eye of a patient is monitored
during several hours during the day and/or the night. In addition to the
intraocular pressure pulsations due to the heart beat, which happens at the
same frequency as the heartbeat, the monitoring system and method of the

25 invention allow measuring that other pulsations of the intraocular pressure occur
during some periods of sleep and/or during the day. These other intraocular
pressure pulsations have higher amplitude and thus a lower frequency than the
pulsations due to the heartbeat. They are generated by the supply of blood to
the optical nerve. Continuously and precisely measuring the pattern of these

30 other pulsations during the sleep of a patient, and/or during the day between the

eye blink cycles, thus provides useful indications on the ophthalmic condition of



the eye and further hel ps diagnosi ng ophthal m c diseases |ike for exanple
the posterior ischem c optic neuropathy. Fig. 5 shows a typica

pul sati orwpabt2esm3ef the intraocul ar pressure over severall/Hre@ritobisat s and
bet ween eye blink cycles, i.e. either during the night 5while the patient
is asleep, or during the day between ey&4blink cycles. This pattern is
obt ai ned by displaying the values of intraocular pressure measured by the
sensor enbedded in the neasuring device as a two-di nensi onal graph where
t he hori zotb@ryand faeberche!ps Kagnosingrripsaniaisamses dkelier @@npledheaxi s

depicts th raph 30 shows a pul sation pattern
havi ng 10%3\%3&:%24&&%@%;5?@%ﬁggﬁp%{t@ges 31 and a pul sation frequency given
by the tine int ulses 3 t he usatlon
ool 1 Cude and t 149t PRarF Bvp FELREsR Tt nat o TR e PP R iR b ot i
optic i SCh%@V@r&ﬁ@ahBeé@taﬁa iestwaea éyfee@trﬁd:yclbsadéaéllﬂ%r deegrteemgHto the
present invention, the 10P val ues neasured during an 15extended period of

time, fr evikghe rmtuenh@ asﬂf%emogwrmtm@dam@epmereﬁve ibinis syeles. Thise
upl 0aded | MRehls AATRLEIAIEN 1B RedUl ol SRSLRA Mk G ARLAGRIAY

anal yzed a conpare or exa plca 7Ugs

automati c died eemcmembedd@mmftheanea@ljrfrfgeaiem@eeas aauxoodrr&tersuci@ grapmat i on of
the conditi on res%onm ble for the detected di fferences and/ or aut onmatic

di agnosi s dfesBaNp APHEPUEY2XIRdgPIs the iMe elersadAnbYnetina Yaslical axis |
still anothgh MWR}gruefsh?ha%Qe&% P SIKFO B RAs AR FARIR havig o1

measuri ng, yzing and characteri zi the patter nore precrsely
t he fréqueravprag&jpmllaatlmmptllmdiescﬂ%amd Buulgatioovezqueney rgivert oy thegtimene,  of
eye blink c cle

ke t . Du k th lid
oY% 00 s THRRET PRSP s Ptist B2 BT oy B dniea it S Gl Gre e !
bi omechani Gakectioh THcRiene) syt badéineX@iucEnes bR IcHptenScirhRRdar b

corneal curvature and the intraocul ar pressure inside the eye which can be
conti nuousldpteﬁ@@@ﬂddreﬁh@d #nadlyensg. by the system of the invention.
According to the invention, the conputing device for exanple has

pr epr ogrammed alAgpoordihgto theopmaseat inSGp’tiang rthmtOPfMummle;azUmgi @umihigoan

andl or | Br A STIBEHRRO oL NS0 PO BB BN B BN 1 SHPEP: 6

shows a tyRir&abldricbantd k c%y@plmrfg%m@?%ﬁdoét |Baf¥drBnhLSHdtRaNyake ti e,
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condition responsible for the detected differences, and/or automatic diagnosis of

20 a pathology related to the determined condition.

In still another embodiment, the method of the invention for example
allows measuring, analyzing and characterizing the patterns, and more
precisely the frequency and the amplitude distribution over the monitoring time,
of eye blink cycles during wake time. During an eye blink cycle, the eye lid is

25 massaging the corneal surface of the eye and therefore causing biomechanical
stimulations of the eye. These stimulations affect the corneal curvature and the
intraocular pressure inside the eye which can be continuously measured and
analyzed by the system of the invention. According to the invention, the
computing device for example has preprogrammed algorithms, computer

30 programs, for analyzing and/or displaying the measured data and/or for helping

diagnosing ophthalmic and/or brain diseases.



5a two-di mensi onal graph where the horizontal axis depicts the tine el apsed
and where the vertical axis depicts the 10P profile. The scatter graph 40
shows a paoterm3bsvi ng di fferent peaks, each one represenTiErgoia/obdsehk of
the eye. Afirst eye blink characterized by a first peak 46 has a first
blink strength represented by its anplif@de 43. A second eye blink
characterized by a second peak 47 has 10a second blink strength represented
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characteri beﬂt\geérlﬂm@mkpeaua%m thbarizbng plé@kmdcrmtact:t@hﬂés td fgqldrecyeye
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16 15 baseline values and/or they are used to trigger any abnormal activities of the
eye. The graphical representation of the eye blink pattern shows a qualitative
and quantitative distribution of the eye blink of a patient. It can be monitored
during different periods of the day, when the patient is performing different
activities under different conditions. The collected IOP data will then be at least

20  partly automatically processed by the processing device of the system and for

example displayed in order to provide valuable information for example to a
physician and help in diagnosing ophthalmic and/or cerebral diseases. The
graphical representation of the eye blink pattern is for example also used to

analyze behavioral disorder of a patient during certain activities.

25 In further embodiments, the method of the invention allows measuring,
analyzing and characterizing the awakening and sleeping period patterns using

the eye blinking measurements.

Fig. 7 shows a typical pattern of eye blinking cycles over an extended
period of time. This pattern is obtained by displaying with the computing device
30  of the monitoring system of the invention the values of intraocular pressure

measured by the sensor embedded in the measuring device in a two-



di mensi onal graph where the horizontal axis depicts the tinme el apsed and
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t he pupi | nmeasuring device 1 conprises at |east one
30b; omechani cal ORI I o mibe s SEHighed BT AUFMIE S, pressure
(10P), 18 nMexaae bloW Inesasurmgd afayerery sharatlerizMogethBaagiceseesdeadni n t he

patterns of a subject. During sleep, rapid eye motion (REM) is a normal stage of

sleep characterized by rapid movements of the eyes. REM sleep in adult

humans typically occupies 20-25% of total sleep, about 90 to 120 minutes of a

night of sleep. During a normal night of sleep, human beings usually experience

20  about four or five periods of REM sleep which are relatively short at the

beginning of the night and longer towards the end. During REM, the activity of

the brain's neurons is quite similar to that during waking hours; for this reason,

the REM sleep stage may be called paradoxical sleep. Being able to analyze

and characterize the REM may be very beneficial for patients with suspected

25 sleeping disorders.

Fig. 8a schematically illustrates an eye 60 wearing a measuring device 1
of the system of the invention in the form of a contact lens, which is centered on
the pupil 64 of the eye 60. The measuring device 1 comprises at least one
sensor 2, for example a pressure sensor, adapted for measuring a

30  biomechanical ophthalmic parameter, for example the intraocular pressure

(IOP), a microcontroller 5 and a secondary coil antenna 4 embedded in the



WO 2012/ 136431PCT/ EP2012/ 053825 17 support 3, for exanple a soft contact

| ens. The mcrocontroller 5 for exanple converts the anal ogi cal

measur enewo0f13e3msor to digital data and for exanpl e RCTAEPR&II0y382F ansmits
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therefore reduce h nount,, of ragy. induced in t asuring_deyvice 1.
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20 amount of inductive energy. The amount of inductive energy received by the
secondary coil antenna 4 of the measuring device 1 is measured by the
microcontroller 5, converted to digital data 68 and transmitted back to the
recording device along with the data generated by the pressure sensor
embedded in the measuring device 1. As shown in Fig. 8b, any movement of
25 the eye produces a displacement 71 of the measuring device 1. This
displacement 71 induces a displacement and/or a misalignment of the
secondary coil antenna 4 relative to the primary coil antenna 63 and therefore
reduces the amount of energy induced in the measuring device 1. This new
amount of energy is measured by the microcontroller 5, converted to digital data
30 68 and transmitted back to the recording device. The variation of energy

induced in the measuring device 1 is directly proportional to the amplitude of the



5Fig. 9 shows a typical pattern of rapid eye notion during the sleep
period. This pattern is obtained, for exanple automatically generated by
t he conpuwOngideyidce of the nonitoring system of the i nPEmEPRIL2/083825

di spl ayi ng the values representing the variation of energy induced in the
measuring device in a two-dinensional gi8ph where the horizontal axis
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Accordingly, the at |east one bionechani cal @ﬁ?@ht hal m ¢ paraneter is

nmeasur ed with$ afmpditygeaeiithengrigdon o& eperaynedy i thermeg@s\yingr demee f ni Red
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due average elapsed time 83 between two successive movements of the eye is

short or under a threshold value, and that the REM period 85 ends when the

average elapsed time 84 between two successive movements of the eye raise

above a threshold value. The computing device preferably graphically displays

25 the REM in order to show a qualitative and quantitative distribution of the REM
of a patient, thus providing valuable information for example to a physician and

help in diagnosing ophthalmic and/or brain diseases and/or sleep disorders.

In embodiments, and with reference to Fig. 10A to 10D, the method and
the system of the invention are used for measuring the changes induced in at
30 least one biomechanical ophthalmic parameter by a particular event, such as for

example, but not exclusively, the patient waking up, falling asleep, changing



to the occurrence of a particular event. In the figures, the curve 90
represents the actually neasured val ues representative of the nonitored
par anmet erwandidtsesdtthi ck vertical line 91 illustrates theComEparizenses of a
particular event at a particular time. The thick horizontal and/or oblique
line that at least partly 15overlaps th&9curve 90 represents the sl ope 92
of the variation of the value of the nonitored paraneter, i.e. the
variation of an averaged val ue of the nonitored paraneter, before and/or
after the &@siion, takinginmg gartisslar GabptasikeoraxgiepI@Bg grchangsiipiits bdedtbnes f or
the variati t i.§.or I : : | o . e.
possi bl ¢ st Erfaml” ¢ pE BB bicihiEarRic BRhiei i bardhitr s

regul ar changmsuwéd Witk themasaseingvddvice betheriavemtibredttepradetemp@néd cul ar. The
sl ope 92 is thus continuous before and after thEP%vent and can be either an

ascendi ng (f Y ENEO RY Clof PErIgd SONHITAY 2 FBfiRIn t@&%‘% rRgne SV%%Pr?é}Ot@%rhe_rre,
the varkatijpny éﬁerath%t&)%%gdﬂfé‘mgu@d \‘}é(]ﬁeéfaﬂé ff‘%rge(ﬁeeﬂé HHRLEF e%é’%%g% (Fig.
I curve t hat
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bef or e t he dispdayed asd tanadimensooas geaph whatneghediarizentah egisedepocts toeveme af t er
the event. In still aBot h e .vart'bati on i sgg conti nuoys change of

1 .
Lhe et oclabsd an PBRT e e ens Ao RihE ey Bid B e ol oae 65

i s thus horgpp@iHiRlic PafaAidet bea SRR redhekeitatiRf ofgecendi ng or descendi ng
(Fig. 10B) after the event. In still another schenme, there is no

30si gni fi cant ngé'é@r{eis%A% Ml:?iliﬁ@&éﬁ#ﬁb&%%’@g@é O?Pbgéib%% Qiof gSUch

that the slope remai ns const ant ore an ter the event ig. 10D).
WO 20120 13 &G hecTdrta Pt ts? pazineter mohttosedacaprgingtiy the atwenting, dder

exanpl e at | east partl ut omati cal | asured yariati schene, in
part | cul ar 19 T APt B Gepedeuly eveht Ja diaiiaines, giaiie B SRESSBiS bl y
quantify thge kiRl ndastrédhiey!rapreRdhtttivarbf hdRidriter&HpAdinadteE 8hdval ue.
For exanple, in case of a delay between the occurrence of the 5 event and

an expect edh& thiclaverigabling Bt ilkistiptes tbe dogurapee of aparticwdpenanté@t @ari at i on

of the slope,..a caondition. of the eye on which the [ ter measur ed
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around t he neQritared pgrameieng’- & dhe vaepliamri Ay auprageda@is gf thedpopéaiedi on,
etc., is Ofpa%fﬂgéergﬁéfg’fee?hd}g? a‘ﬂ%pﬂ{e Lo fAssess t he physi ol ogy of the eye and

its capabi ity T0 ¢ changing condition. Absent or reduced
B o B ik o0 e AR R b T B BB B e o
t he i nvent it mrfitored parameter due to a particular event, i.e. possible slopes 92. The
20 vairiation is for example a continuous and regular change of the parameter value
before and after the particular. The slope 92 is thus continuous before and after
the event and can be either an ascending (Fig. 10A) or a descending slope.
According to another scheme, the variation is a stepped change of the
monitored parameter value (Fig. 10C), whereas the slope 92 is a stepped curve
25 that has a constant value before the event, and another constant value, either
higher or lower, after the event. In still another scheme, the variation is a
continuous change of the monitored parameter value after the particular event
only. The slope 92 is thus horizontal before the event and either ascending or
descending (Fig. 10B) after the event. In still another scheme, there is no
30 significant variation of the parameter before or after the event, such that the

slope 92 remains constant before and after the event (Fig. 10D).



15used for nonitoring the long termevolution of at |east one bionedi cal
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of the1gyeusat fér MoBAYENE hedlongttetrne @vbluliBhinf ditild=3¢ oAb thorheaidar peri od of
time, for 15exanple several hours. According to the invention, the
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di seases. least one biomedical ophthalmic parameter is measured continuously or at

20 intervals during and/or after the medical treatment and/or drug application
period. The values of the at least one biomedical ophthalmic parameter
measured during the latest measuring period are compared, for example at
least partly automatically compared, with previously measured values of the
parameter, thereby allowing determining, for example at least partly

25 automatically determining, a positive, negative or neutral evolution of the
measured parameter over time, for example over days, weeks, months or

years.

In applications of the present invention for the diagnosis and/or treatment
of a patient having an ophthalmic and/or a brain disease, for example, and/or in
30 applications for the measurement of the effects of a substance and/or of an

event on a measured ophthalmic parameter, several of the above described



20Therefore, the principles and features of the present invention may be
enpl oyed in various and nunerous enbodi nents w thout departing fromthe
scope of wbeoimmesstii on. I n particular, any conbi nati on @®@CTIEPR012/053825
above-descri bed enbodi nents of the nethod is possible within the franme of
the invention. WD 2012/136431PCT/ EP20121053825 22 Cl ai ns 1. System
for nonitoring at |east one bionechani cal ophthal mc paraneter, said system
conprising: a measuring device (1) adapted to be placed on or inplanted
5into an ey@etbpdacgathee&qmblaedn@g ith @&ain doragxanaplst behrotmxshistrdini al

opht hal m c for

obt ai ni ng ﬁ@%argg%@% %urI d@tterfoll pofam%gr%:%ﬁﬁéggr?%nt?a:n\ér/(grg%ﬁ@rﬁ ve of
t he i nst antaceatate knbwisaige caftthé@ﬁ&btsmf@@m%elbmrﬁabn@phﬁwdmec par anet er

of said ey 10wher.ei n id recording device is adapted to obtain said
measur enen '%@@%'Cﬂmﬁwwwghquency equal to or greater than

tw ce the variation frequency of said at | east one bi onechani cal ophthal mc
par amet er . The above embo@m%@p&tﬁ%@m.a@ methass gfrtee dniangon|ase m

wher ei n Sa'ul%s?r%ﬂ(x&%ﬂb% MoRGaY | i) blés%ﬁﬂ?elt pi¥sefit PRLA rﬁ']ﬁ” 10 Hz.

3. Method c one |orrechan| cal

opht hal i ¢ pyaamanai; e,hre mﬁxeanore}eecmftemptmed eanbnmpgsaanmaﬂamansgofdew ce (1)
adapted to be gl aced on or éhnm anted into an eye of a patient for rreasurl ng

sai d at | e&ZSNSEHEITFHIMIPERAFINERPUIHERUCH: 8 MRIHIOABESY SM gaf nelpeds

of measurements are used to measure the response of the eye to an eye blink

10  stimulation, the pulsation of intraocular pressure and the rapid eye motion, etc.
In embodiments, the system of the invention is configured for continuously and
accurately monitoring one or more biomechanical ophthalmic parameters, for
example intraocular pressure, corneal curvature and/or micro-displacement of
the eye, at a frequency of at least 10Hz during an extended period of time, for

15  example several hours. According to the invention, the monitoring system
comprises computing means, for example a computer, having preprogrammed
algorithms able to display, analyze and process the data measured during the
monitoring periods and provide essential information on the ophthalmic
condition of the eye and/or diagnose ophthalmic and/or brain diseases.

20  Therefore, the principles and features of the present invention may be
employed in various and numerous embodiments without departing from the
scope of the invention. In particular, any combination of the above-described

embodiments of the method is possible within the frame of the invention.



obtaining fromsaid nmeasuring device (1) a plurality of neasurenent data
representative of the value said at | east one bi onechani cal ophthal mc

par anmet erwof20pai3é4deye neasured at a predetern ned frequeaTEP2e2e63s2h sai d
predeterm ned frequency is equal or 25greater than tw ce the variation
frequency of said at |east one bi onechad2cal ophthal mi c paraneter;

at least partly automatically analyzing said plurality of measurenent data
in order to determ ne an ophthal mc condition of said eye. WO

2012/ 136431PCT/ EP2012/ 053825 23 Claifns Met hod according to the
preceding claim further conprising at |least partly automatically
ascertaining a correspondence of said ophthalmc condition to an

identification of an o to one
g gp&ﬂé"fﬂ fﬂé%ghlﬁﬁﬁ‘%tnlga?tson&?@or mséﬁ%‘él 8515PaMHhRI

of clains 3 or 4, wherein said 5nonit ring at least 24
hours i n or depanamejbrc dard systémaztmpneengi r cadi an or nyct henmeral profile of
said at | east one bionechani cal ophtha

Met hod according to one AdPCRHEI SIS yﬂegj%)?er%t%%ol@cgglqy afem'ﬂﬁ“ﬁaii on of

an opht hal m Cin@&@ﬁ'eybcﬁi' Pbatfet fora¥BaSHY t58 %t BRIBASIKEMEERENieRNt hal mi ¢
pat hol ogy. thod according to one of the clains 3 to 6, further

conpri si ng co@phhgcyaramsisitdigard ey&ondi tion of said eye with a

et or mime’ an'evol ut 1 on” B1ead SHRCREI G BF el i SebRatiind Sccor ai ng

to the precedd@gce| B measurehtet d@@t&dréé@ﬂaﬂ% ubthengstantediuealf skicat ment on
the basis of said evolution. Met hod according to one of clains 3

to 8, wherei nlegakORe Bomeghanigal @E’Bﬁ’lﬂ”@tﬂ: Q%{?H‘Gé‘PreOfcﬁ%%leé@ed as a _
two- di ggnsi onal shape WFH@F%E s%f&‘fe%%b%%g%mc%t@ ahggte ol i@t said at
opht ha t| ne.

| east one bi omechani ca rameter ov
measurement data at a predetermlned frequency equal to or greater than

twice the variation frequency of said at least one biomechanical ophthalmic

parameter.

2. System according to the preceding claim, wherein said

15 predetermined frequency is equal or greater than 10 Hz.

3. Method comprising:

- monitoring at least one biomechanical ophthalmic parameter
of an eye of a patient using a measuring device (1) adapted to be placed on
or implanted into an eye of a patient for measuring said at least one

20 biomechanical ophthalmic parameter of said eye;

- obtaining from said measuring device (1) a plurality of
measurement data representative of the value said at least one
biomechanical ophthalmic parameter of said eye measured at a
predetermined frequency, wherein said predetermined frequency is equal or

25 greater than twice the variation frequency of said at least one biomechanical
ophthalmic parameter,;

- at least partly automatically analyzing said plurality of
measurement data in order to determine an ophthalmic condition of said

eye.



10. Method according to the preceding claim wherein the two-di nensional
shape conpri ses: - afirst portion representing a peak and a
vertical wenroeti3assiof the at | east one bi omechani cal oplrCinaiPedie/opzseanet er ;
and 25- a second portion representing a settling time of the at |east one
bi omechani cal ophthal mic parameter. W3X2012/136431PCT/ EP2012/ 053825 24
11. Method according to the preceding claim wherein a magnitude of the
vertical variation of the biomechani cal ophthal m c paranmeter conprises a
per cent age of the pdakMethod according tpthe seersting eladndiurtner oBREISHTI @l ai s

0 wh
é| O?T;Cﬁ;.nl ca:al pﬂ?%ﬂ?%hg{rfgﬁ terCtEHg'nYﬁé B'C%Weskﬁgrrﬁg%{iduogf SCH.? togﬁthalmm: 13.

Met hod accor deorgdition m"lancderttllfleatﬂmaoﬁsn 3phthalic dibegiss. n variations of the at
| east one bi onechani cal ophthal m ¢ paranmeter are caused by the natural

eyeblink of the eye. 1 Met hod. according to o e of cl a| 3to 12,
wherein variations of E/ﬂ?ih%qa g’tngotﬁeorl:ﬁ Bn%l@% Cart Whﬁﬂaﬁﬁ' par anet er
are cauged bym%nﬁ@ﬁﬁ? fd Ger?&r'hiéﬁ éll)(rlrﬂj aﬁl@'agt PAhbERALIn order to obtain at Iéést Met hod
according to one of The clains 3 to 12, wherein variations of the at | east
one bi onechanoreatiregdianar mycthpm@ia’epr@fllemfesaa@ehl@@euom ba)reertimrmaie
externally or i n[he nal |@¥ §F| ied to said patient. 16. Met hod
accordingto%% s 3 to 15, wherein the at |east one

bi onechani cal opht haI m c paramneter conprises deformation of the eye.

17. Method accor di ng. t Mened atcdrdthgcloadrnsotheldifis 3WEs eivhetdie said

determination of an ophthalmic condition of said eye comprises diagnosing

10 an ophthalmic pathology.

7. Method according to one of the claims 3 to 6, further comprising
comparing said ophthalmic condition of said eye with a previously
determined ophthalmic condition of said eye in order to determine an

evolution of said ophthalmic condition.

15 8. Method according to the preceding claim, further comprising

adjusting a medical treatment on the basis of said evolution.

9. Method according to one of claims 3 to 8, wherein the plurality
of measured data are displayed as a two-dimensional shape that graphically
depicts the variations of said at least one biomechanical ophthalmic

20 parameter over time.

10. Method according to the preceding claim, wherein the two-
dimensional shape comprises:
- a first portion representing a peak and a vertical variation of
the at least one biomechanical ophthalmic parameter; and
25 - a second portion representing a settling time of the at least

one biomechanical ophthalmic parameter.



20l east one bi omechani cal ophthal m c paraneter conprises the intraocul ar
pressure. 18. Method according to one of the clains 3 to 17,

wher ei n twe 2at2/13egst one bi onechani cal opht hal m ¢ par ameCerEPe@2psisses t he
position of the eye. 2519. Method according to one of the clains 3 to 18,
wherein the nmeasuring device (1) conpri2és a sensor (2) enbedded in a
support (3) in the formof a contact lens. 25 20. Met hod according
to one of the clains 3 to 18, wherein the nmeasuring device (1) conprises a
sensor (2) enbedded TilnMetReghpeeerdi®) todhgpreerdiag slaimppyhartie@ Magoituds d eye.
21. Method ac 100k : | Al : r1.sl.Ad;, 5-

conti nuously SN@hlgt\}oé?tl'énéé ngﬂi?tgi&AaP % %%a@%ﬁgﬁaﬁlféﬁ%%ﬂgﬁﬁ@al ah%h?%él m c

par anet er durcorgpdses a@erqtages pf the peak. outputting a plurality of
nmeasured data from sai d neasuring device (1) determ ned froma pul sation
pattern of intraocular pressure; and . eterm.ning a
correspondence of arﬁawfﬂtﬁ‘?iaﬁccéffjmt%t@ A dgiMHHo 05119%/5&5?1'8@ of the

pul satign andm%ggmn@é bPthetfertiBs Ribtah 0P thd Bioffbdndakl bpkkime of an

opht hal m ¢ and/ brai n di sease. 22. Method according to one of the

clains 3 to 2daraweieecompeses pnateokitervalee. f requency is equal or greater
than 10 Hz. 23. Method according to one of the clains 3 to 22,

wherein 15continuously \fnbd SELAIRPIERSASEENERAS S 818 $31 Phdlei €aSt one

variations of the at least one biomechanical ophthalmic parameter are

caused by the natural eyeblink of the eye.

10 14. Method according to one of the claims 3 to 12, wherein
variations of the at least one biomechanical ophthalmic parameter are

caused by a specific activity of said patient.

15. Method according to one of the claims 3 to 12, wherein
variations of the at least one biomechanical ophthalmic parameter are

15 caused by a substance externally or internally applied to said patient.

16. Method according to one of the claims 3 to 15, wherein the at
least one biomechanical ophthalmic parameter comprises deformation of the

eye.

17. Method according to one of the claims 3 to 16, wherein the at
20 least one biomechanical ophthalmic parameter comprises the intraocular

pressure.

18. Method according to one of the claims 3 to 17, wherein the at
least one biomechanical ophthalmic parameter comprises the position of the

eye.

25 19. Method according to one of the claims 3 to 18, wherein the
measuring device (1) comprises a sensor (2) embedded in a support (3) in

the form of a contact lens.



bi omechani cal ophthal m c paraneter at said predeterm ned frequency during
limted measuring periods that are repeated during a tinme cycle.

24. Met hostoaear3eidmg to the preceding claim wherei n saPdTIEPROIRASBSARASUr i NY
periods last thirty seconds and are repeated every 5 mnutes 20within a
time cycle. 25. Met hod accordi ngdto the claim23, wherein said

| imted measuring periods are repeated upon triggering. 26. Met hod
according to one of the clains 3 to 25, wherein anal 2| ng said urality of
measur ed data conpriZfedlaired areorging t@t@%@ﬁtﬁemm&fé ﬂ8,twl@er@yza§1q nks and a

[requency of HRSSGHROLEDKS (P} EsnPrsdebsepiist Reiandth didBon @) 27

Met hod accor di ng ne o whereln con uou

moni t ori ng coageptedso dbentniptared intorsaid ¢psi ng the activity of WO
2012/ 136431PCT/ EP2012/ 053825 26 eyeblinks of the patient over a 24-hour

nonitoring period of i ncl udi n make e er.i.ods.
28. Met hod accordi ngh M%h%ﬁ’ proerdi 8‘%9&?@'%@%@6’ $ngﬂrl§169a duration
of the gleep periods andoM@RURR/ l'n%ﬂﬁorlﬁ@gaﬂeét%é‘gtrﬁrfégol@m%%ﬁgﬁﬂbaﬁ()f

eyebl i nks that occur during the sl eep peri ods. Met hod according
to claim28, épmthaleniceenametdrdyridgiesieenipegiod; dur ati on of the sl eep periods

and wake periods, and determ ni n the duration nmovenent (REM
Phot e e o gt he” LML Putedfy S WAL e bl BPb R 6 pERSTRE: |
according to @é\ﬂtéf(?)%etéuﬁhbarfrd?@@mm%tm ﬁﬁt&h@f%t%o@léﬂﬁb@éur@f afEM

epi sodes that occur during the sl eeping period. Met hod

according to one of claF r®|rﬂ|69Worméﬂﬂn%%a@tagﬁ?“@#det:@fnﬁhienuousI y
moni t ogng ex%&ggﬁ r‘iroﬁé éﬁc,r d th?}P@é&loﬂ%fn%rfgaﬁ@bgfg%gpg%\sliﬁﬁtto taﬁ a
p 0

second I nstan er sal ticu event
identification of an ophthalmlc and/or brain disease.

22. Method according to one of the claims 3 to 21, wherein said

predetermined frequency is equal or greater than 10 Hz.

23. Method according to one of the claims 3 to 22, wherein
15 continuously monitoring comprises measuring said at least one
biomechanical ophthalmic parameter at said predetermined frequency

during limited measuring periods that are repeated during a time cycle.

24. Method according to the preceding claim, wherein said limited
measuring periods last thirty seconds and are repeated every 5 minutes

20 within a time cycle.

25. Method according to the claim 23, wherein said limited

measuring periods are repeated upon triggering.

26. Method according to one of the claims 3 to 25, wherein
analyzing said plurality of measured data comprises measuring a strength
25 value of the eyeblinks and a frequency of the eyeblinks over predetermined

periods of time.

27. Method according to one of the claims 3 to 26, wherein

continuously monitoring comprises continuously monitoring the activity of



15anal ysi ng conprises determning a schene of a variation of said at |east
one paraneter due to said particular event. 32. Method according to
one of clwpmB12313643131, further conprising the step of deCEwmpP2e1g/0533d7 or

di agnosi ng brain diseases on the basis of said determ ned ophthal mc
condition of said eye. 2033. Method accdfding to the preceding claim
wherein said brain di seases conpri se headaches or intracranial

hypert ensi on. _ _ o _ o _
eyeblinks of the patient over a 24-hour monitoring period of time including

wake periods and sleep periods.

28. Method according to claim 27, further comprising determining a
duration of the sleep periods and wake periods, and determining a number

5 of eyeblinks that occur during the sleep periods.

29. Method according to claim 28, further comprising determining a
duration of the sleep periods and wake periods, and determining the
duration of rapid eye movement (REM) that occurs during the sleep periods

and the wake periods.

10 30. Method according to claim 29, further comprising determining a

number of REM episodes that occur during the sleeping period.

31. Method according to one of claims 3 to 30, wherein said step of
continuously monitoring extends from a first instant before a particular event
to a second instant after said particular event, and wherein said step of

15 analysing comprises determining a scheme of a variation of said at least one

parameter due to said particular event.

32. Method according to one of claims 3 to 31, further comprising
the step of detecting and/or diagnosing brain diseases on the basis of said

determined ophthalmic condition of said eye.

20 33. Method according to the preceding claim, wherein said brain

diseases comprise headaches or intracranial hypertension.



