WO 2012/ 022938PCT/ GB2011/ 001226 1 A METHOD AND APPARATUS FOR MEASURI NG A
PROPERTY (X »0N,5)5Hs OF A SUBJECT The present invention regla 0{1%0?22 t hod
and appar atus {or measuring a 5 property of an eye of a subject, and in
particular to a property of a retina of that eye of the subject. The
property is predomnantly related to rods of the retina, but may in

addi tional enbodinents be related to cones of the retina. Follow ng

exposure of a MAMNETHOD ANDNRPPARA TUS FORIMEASURINGA PROPERTY(O as 10 a
bl each), a cascade of biochem cal activity occurs in that retina. Recovery

in sensitivity of the retina Ut AWENE @RFOSUIEGQTt he bl each may be
regarded as slow, and m ght be for exanple of the order of 20 to 30
m nutes. The recovery of the retina, or at |east conponents thereof, my be

described ghehpvedemt tiRvestich éiates t6 cammsdsandi gpparatliswidrl measudrgl 4 o
descri be and distinguish these 15 conponents. Figure 1 is a sem-Ilo PI ot
depi ct¥ ng triepembPlaneys af erdubiech@adun artiaar ta HerorsttyRt 3 refnaef tha

bat o poi nt 98 0388, A st Bfbreihy P e Bain Rt (£RAGE 5 todt bE Il Cr:
conponent s Wft Mdlgint KRG edisodivients 66l rdlateldrtesbnes ot shetretima. 8, 10. Changes

from one conponent to another conponent, which approxi mtely correspond to
in intersection points of the aforenentioned trend lines 4, 6, 8, 10 are

el R S B T
conpof@nt 4 bleachg aleastadecof bipchemice rictieity oocurben dbat retiog. pRetoveaydn t he
Second conBSRBINITS o5t TR UBECPPOBS 1hara Siied A1 PiTPAR BB ent s
8, 10 are dogl, NMLrhidM 5L FbralRbIRT GGREIRES of SN Bt sCCe recovery
of the retina, or at least components therecf, may be described as having three
distinct components. Figure 1 will be used to describe and distinguish these
15 components. Figure 1 is a semi-log plot depicting threshold measurements
measured over a period of time as perceived by a mammalian retina in the
period of recovery after a bleach. Data points 2, depicted by open squares, are

shown.

20 The three distinct components of the recovery are depicted by trend lines 4, 6,
8, 10. Changes from one component to another component, which
approximately correspond to in intersection points of the aforementioned trend

lines 4, 6, 8, 10 are also shown 12, 14.

25 The first component 4 in the recovery is dominated by cone photoreceptors, and
for example may last around 8 minutes. The first component 4 may be
described as exponential on the semi-log plot, and the first component has a
relatively short time constant compared with the second component 8 and third
component 10. The second and third components 8, 10 are dominated by rod

30 photoreceptors.
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WO 2012/ 022938PCT/ GB2011/ 001226 2 The first conponent, after decaying
exponentially, eventually |levels out and defines what is known in the art
as a conewOheghetsd or a cone plateau 6, A transition beCmaEB20t11®1226
cone-dom nated first recovery conponent 4 and the rod-dom nated second
recovery conponent 8 is known as the rog-cone break 12. 5 The second

r od- dom nat ed conponent 8 has a steeper (linear) gradient than the (linear)

gradi ent ofnd B! SrhBon Ot S MET IO ERAGRNLaK). edehiAN?IEIAl Qi Aid

bet ween t he secon mponén conmponént 10 is” shown 14. It can
be seen t hggfinesosmat ishirovin émshé iadnas iat corey thyeshioltif drcailconeoplaterer G rfe

whet her data points are representatiye, of .the second t th

e e bl Pvihg e Dol s 6o e SO ERE Bt g e

curve or ﬂﬁinﬁafg]d eegé%ﬁkédd{/'e?ycb ONERY 8GHTKHRWH a®lt9é kod-EBhE Hreakagause
shows how di

the curve erent conponents of the retina take different

peri ofls ofThe secomnd red-aoerinatedncompone®ng ihasva tsje¢rsre(liseant gradigst Agan
bl hed. The,. / i term by. 15 i h hol. f
Che. per cedbPBinea SgdentoriGedhi Bkaptinates FRERITER? b TaToh BERLE W se

dark backgawBdn tR8aleshd MBhitbriche 8SARBIHiMdVEdHpbBENtr BERVEHOWA N4SEnsan i Vi ty)
is to be assessed. The dynamcs of a dark adaptation curve are dependent

on, for exmrpeen thataroaad this dansition, §meaybe slifficuls tafetesming whsthersiadach
. g. ) f the, int it d j | h
B Sach - ioiaEr raniseR il Ihe SeRiti ShmPUhah 6 r fe hif confifffi 187 o1

contayned in the retina (rhodopsin) to its colourless form 25A
rel ationship between an intensity of a bleach and an associated dark
adapt at i orFigurevé i$ @ftenhdesdsibedcas iasdark Adapsatiom crvguelePi! (¢4 guieasHIVlgpi ct s

diff t dark adaptat i . subst ant i.al i i bed
W th rof erERRETo CeaL S ROt NBiser® orakbgLine Furie i BV et 2
dark adapt@rhgneiis efsthar timaowke @ifefert Werddseohgmes koceaived tui idrmal

different initial 30bleach. WD 2012/022938PCT/ GB2011/001226 3 Starting
fromthe wansHivityeleveds after greingshisached. FIRgir eecovephdsp deieriip ¥ich

b ondh: | oIRYREIRPYRIeIIE GPARE BBl U 1arhbl Biesphigd B ek
poi nting tipi anaresant Bihémdsd; dérkabkickhraonddagdtsh| which; tHe |deeditiditan@nds 22%

bl each; downwar dl. L
recovery in sensitivity) is to be assessed.

The dynamics of a dark adaptation curve are dependent on, for example, the
20 integrated energy of the aforementioned bleach (e.g. one or more of the
intensity and/or duration of the bleach). The term “bleach” is often used,
because it induces a change in a photopigment contained in the retina

(rhodopsin) to its colourless form.

25 A relationship between an intensity of a bleach and an associated dark
adaptation curve for that bleach is depicted in Figure 2. Figure 2 depicts
different dark adaptation curves substantially as shown in and described with
reference to Figure 1. However, in Figure 2, a number of different dark
adaptation curves are shown, each curve being associated with a different initial

30 bleach.



5 pointing blank triangles 39% downwardly pointing filled triangles 63%

bl each; J s 86% bl each; and filled circles 98% | ar ge
white ar ﬁg\@vr}f)%/dl%?%’gre 2 schematically depicts the i ncregggﬁfér?mb]{@?l%ﬁ for

the different dark adaptation curves. 10ln addition to show ng the

di fferent dark adaptation curves for thé different |evels of bleaching,
Figure 2 also depicts trend lines for the second, rod-dom nated, conponent
20 (solid Startihe ftanméise pbottoemlifl oftle plot shown timifiglrerddhadrieach taf, each

t 22 (doubl e-1i _and_al -cone.br eak poi 4 for at
east some a9pPEREN durYeL P el SRS 5t RN Rec o8 Rord et Blarkhs can
be drawn fbg%?&&@m@ﬁ?ﬁéﬁéléé I Hledehefifed pVARENCHLIBLAG triangleat 4%he

transition point cone and rod-dom nated detéction (the rod-cone
break poi nbieath) biankdeiaayards 8% bleachofilled ciamends @27 bégaahy yWaynwarelybl each
is increased, It can also be n . that the qgradient of. e f e
trendd i negomnedfﬁa%éf '@&J%%&?%E'OQQ‘HBW?H& 8%"@'8%@f?gn¥"af’§%rse$§?‘ﬁ 6’8?%
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Figure is 0 be i1 ndependent of bleach intensity when the bl each

i ntensity irsFigrer2 geeamaticaliphdepists the: ingeeans; tﬁhblGIﬁ'Qg fenthe diffgra@hda t hat
the trend lines 22 for the third-rod-dom nated conponents not only have a
shal | oner GFERIAYRD MAES the 25 gradients 20 of the second, rod-dom nated,
conponent trend lines 20, but also that the gradients of the trend |ines 22
for the third conponent varies significantly with the intensity of the
initi® bl dacddition tmyshowing dher diferent Hark cadaptatiomicyryes, &r Bie Giftaent o

achi eve a cert ai har erd.stj Cai K, a at: i LVe. .
S0121 03203 5MEl EAITar Yo 5edUrer 3 Alsd Q%é'??sf ?%QPI @/ﬁ%tﬂgﬂrj tﬁ(gysee"r%g)ng;/p?%e
retina. Exagnligsted! cohfioneit SERgSSiRMgE dbetpstremdl limes Uloarthdetpimeradi on,
anongst many others. In fact, any condition which |eads to a l'r?f

reduction ideminatedyeemapnent 32 ouble-ires). AndIsheod-eene,areak Rp s?ét{,ﬁgr
retinal pi t I |4 i 155 1.0 owed dark 5 adaptation
(i.e. a sl %ﬁegas;gﬁ@ﬁ%ﬁ&b#@ﬁ%@é&g@%ﬁaﬁpﬁﬁﬁsﬂ ?Lg?’é%hese reasons that the
nmeaswysenment of dark adaptation (sensitivity recovery) is regarded as a

wel | - founded approach to the study of retinal, and jn parti.cul a
phot o- r ecePOFRE [f@AFIUsioNSHERN he Wraynalrew, t@uéﬁ%@&?lﬁ%ﬂé’htégw&y%gi e

{ ndi cat i on ¢Bfc B"Gal 3t Ofhel YIGKY i’ @ERyeln LB SiridnrodcddaRéd ect ed

by such af orenentioned di seases. 1 may therefore be inportant to be
abl e to readtddfiodeftee Modecaneebsstopdints @4y de matayeast irc terpah @fittingg as the

itivit ] ich. i i ndi gat i f d _heal - t
Th some. ci TuGEbARL S Blain & Prcasel BranFisd nEapeiaRet e SBuef of £7°
eCOVRy Y. élagtaﬁrqﬂm fténd i8S 209Be thY §&dor, réd-UbATatbH PonHineint fBpelatively

provi information, as may the determ nation of the cone )
15t hr eshol dhdependenbohbleagbriatensite, anthelthoughe difficulbionsres fraruthepbiguse ik f or

undert aki n?ogr?c{ f 8gqgégéénod%n%?%wéaec'ﬁeﬂi&sﬂbrv@r?éw the bleach intensity is 5% or

greater. The third conclusion that can be drawn is that the trend lines 22 for the
third-rod-dominated components not only have a shallower gradient than the
25 gradients 20 of the second, rod-dominated, component trend lines 20, but also
that the gradients of the trend lines 22 for the third component varies
significantly with the intensity of the initial bleach. It may be preferable to use a
certain level of bleach to achieve a certain characteristic in a dark adaptation
curve.
30
Dark adaptation may be impaired in response or in relation to diseases of the

eye, or diseases which affect the eye, and in particular those which involve the



exi st. However, these nmethods have di sadvant ages associated with them For
exanpl e, %%Blzﬂfzz%ge nmet hods are relatively slow, whichpalidigyghompy be of
20 little or no inportance in academ c studies, is of great Inportance if
t he apparatus and/or nethod is to be conmerci aIIy applied. Furthernore, in
sone prior art nmethods or apparatus, or dat |east under certain operating
conditions, it may be difficult to be able to readily determ ne a
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one of5 t he adaRIadign .82 aoxewed / SEEsENRY 18558V 55 ﬁ s&re[aﬁg AHM&rt, as

referred to,feng aﬁﬂgﬂf oAg%(;ana tatfh éénertnwdecavb@j {eragirtee aspapwemr art

apparatus or to a first aspect of the present invention,
there is pﬁmndwob;mroachwthéstuﬂym:ﬁtmal randainpartievlay pastoaiecepter heakh.
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ostensibly vi eto ro e.g. substantially green, and/or having or
bei ngita waveinagdhardfessbe hla\IpOHSOhm badhje daread yn@lﬁtemmmﬁhe secandy fody ound

514nm +/ - 50n t he back rou h ei ng
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par af oveal cosgionenbdf sersitivity @eovery: Satemminingea fed£one A PEArANSH
stimulati n% mq may also provide useful information, as may the determination of the cone

15 threshold, or in other words the cone plateau.

Methods and apparatus for undertaking dark adaptation measurements already
exist. However, these methods have disadvantages associated with them. For
example, most of the methods are relatively slow, which although may be of
20 little or no importance in academic studies, is of great importance if the
apparatus and/or method is to be commercially applied. Furthermore, in some
prior art methods or apparatus, or at least under certain operating conditions, it
may be difficult to be able to readily detefmine a difference between the second
and third (both rod-dominated) recovery components. If it is desired to use the
25 second-component for assessment purposes or the like, such ambiguity may be

problematic.

It is an object of the present invention to provide a more holistic approach to the
measurement of dark adaptation (i.e. sensitivity recovery) of the retina, or
30 components of the retina. It is an object of the present invention to take

advantage of such a holistic approach to obviate or mitigate at least one of the



15 subject's retina with a low | evel bleach using the bleaching |ight; b)
after the bl each has been undertaken, nodulating a target |ight at an
initial Iwoizoeyeeesat whi ch nodul ati on of the target |i girCTIGB20n0O1001226

per cei vabl e by the subject, whilst a background |ight remains substantially
constant; c) increasing the lum nance of the nodul ated target light; d)
receiving an input fromthe subject when 20 nodul ation of the target |ight
is perceiv j rad ele) L d; e)
artor sai oo of e BB 281 oc RELAT. KR ok OinER, Mt ARUER hi

and f) repsitgrnaliveptr priorcart bpparated ot netimaishod to deternmine a series of
rod-rel ated threshol ds over a period of tine. 25Parts c) to e) nmay be

repeated until the series of rod-related thresholds indicate a trend, the
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The % eac %8&!!3&(%] E)f m@/ ta?éaét I%rh?\llsI ggr%eivgbﬁla gf iecg&tﬁgctﬂheu%ciwdE:%tiﬁg rat ro%]i the
related threshold; e) after said input, decreasing the luminance of the modulated
target light; and f) repeating parts c) to e) of the method to determine a series of
rod-related thresholds over a period of time.

25 Parts ¢) to e) may be repeated until the series of rod-related thresholds indicate
a trend, the trend being one or both of: at least indicative of a rod slope; and/or
substantially linear when plotted against a logarithmic scale.

After part f) has been undertaken, the method may further comprise measuring
30 another property of the eye of the subject using an apparatus which is: arranged
to provide a background light ostensibly visible to rods (e.g. substantially green,
and/or having or being a wavelength less than 580nm and greater than 400nm,



met hod, or provided by a previously undertaken nethod, that nethod
25conprising a light nodul ati on based test used to determ ne a further
property WO 20te2e988 of the subject. The initial |um nan®eTaiB2041/®N26
nodul ation of the target light is not perceivable is substantially zero.
The light is still given the prefix 'nodulated in this instance to 30
distinguish it from ot her I ights descri bed herein. When the |um nance is

Zone,  ar eab0i BEMoR A e STRY ket BrorEigoa Ly Pdd ReSAE T
appear WORRIAATSE @%ﬁﬁg@ag/&mamm tpager oin SHoARKEr ounc

i ght nmay be equal "to or less than 5.0cd/ n preferably | ess than or
equal to Ilbaxkgtodnd Egmeanthargahh@ﬁtdciemg]@upamr@epsablgMpqmqméniothetrhénd ange

Carget 11 g telod il peing, migSeaRbia e due ‘SUhine S RBnfar dhe Plael e T °G
the | ym naRementl yns a”B‘éréfH@éélVfédi&? StreRdsgbjeths rdBh&0the aRsthols uathenr acy

in conparison with prior art 10 methods, which increase the |um nance in
step-w se ¢empesingAik oneduialing the. targetalfigtd atipan i intiek dgminanger @tuMﬂlChn a

snoot her trans ion m ce, allown ub thre ls to

be det ect €§°9% ‘?&Jopn r}ﬁﬁr@ angﬁﬁn'ﬁepc’t pegc%%%éﬁ%l?@%@t éls nance

of the nvdb&a@e&moar@ﬂtrehtam siBytaPeamtebndthat uﬂ-ﬁidﬂ@éﬁng%h@ﬂummme&ﬁ in

| um nance of the target |ight of between 1dB/s and
the modulated targef light; iii) receiving an input from the subject when

10 modulation of the target light is perceivable by the subject, thus indicating a

cone-related threshold; iv) after said input, decreasing the luminance of the
modulated target light; and v) repeating parts ii) to iv) of the method to

determine a series of cone-related thresholds over a period of time.

15 Parts ii) to iv) of the method may be repeated until the series of cone-related
thresholds indicate a trend, the trend being one or more of: at least indicative of
a cone plateaux; and/or at least indicative of an approach to a cone plateaux;

and/or at least indicative of a cone recovery rate.

20 The low level bleach may be in the range of 0.5%-30%, 5%-20%, or in the

range of 5%-15%, or approximately 10%.

The bleaching light may be: provided in a dedicated bleaching part of the
method, or provided by a previously undertaken method, that method
25 comprising a light modulation based test used to determine a further property of

the eye of the subject.

The initial luminance at which modulation of the target light is not perceivable is
substantially zero. The light is still given the prefix ‘modulated’ in this instance to
30 distinguish it from other lights described herein. When the [uminance is zero the
modulated target light may instead be referred to as a region, zone, area,

location or the like where the (modulated) target light will appear.



10dB/ s, for exanple around 2dB/s. The decrease in |um nance of the

modul at eckaaszzﬁ%zhgght will preferably be of such a mg@gtﬂ@%oﬁﬁhz
. 5 y t

nodul ati on e target light is no | onger perceivable e sugj ect.
This allows thresholds at a later time to be nore accurately and/or rapidly
det er m ned. Decreasi ng of the lum ndnce of the target light may be such
that there is a decrease in lum nance of the target |ight of between 1dB
and 20dB, or between 255dB and 15dB, for exanpl e approxi nmately 10dB.

Modul ati on _may be undertaken at a f ency ,of between 1Hz .an or
bet ween lHZhQﬁHmWCBf %frtr@x%?ﬁhgéo'ﬂl’?‘éﬁgﬁkh@%éec%ﬂﬂ?'\éﬁ Y Ieﬁ%aﬁ?rgtS?Ochr‘in;, of ten
descr i bed qigrepsily A ool HE.0BBAN al i on mmy vary from a zero

val ue.

value to a on-zer he target light will preferably be | ocated
relative to a fixation point, so that when the fixation point is viewed by

the subject the target |jght is incident .on the par regl of the
subje&’'s F@?i'%!“ac’%é %fdbﬁgé%rtge?|'9<'§tmﬂ\§g?ﬁréirt}?e (A %ﬁ; ?ﬁ@ﬁ@xﬁg‘?’g’ﬁ- poi nt
during at least a part of the nethod (and preferably all of the 5 method).

In exanples: the target may be | ocated such that an anﬂ’l e that is subtended
bet ween t h&hti inateasingof ive dumirtaneet efr thet modulateg darget Nighb i substaplalbei ved

by the subject is between an angle of. 2 and, 200, or. f 4

and 12; or CB@@W’%\QZ(NQ?WBEIS é?{HP'fé.9&8&/@'2&f“&f’%“éﬁg%wﬁﬁe’ﬂ?ﬁ'g‘gﬁe?gm
i's preferalply dadar bRKAB ARIRGEN aRd ROSEEUr&cyA ineicohtpairizbaaaith prior art
10 methods, which increase the luminance in step-wise manner. A continuous, €.g.
ramped up, increase may result in a smoother transition in lJuminance, allowing

more subtle threshold levels to be detected, and in a timelier manner.

The increasing of the luminance of the modulated target light may be such that
15 there is an increase in luminance of the target light of between 1dB/s and

10dB/s, for example around 2dB/s.

The decrease in luminance of the modulated target light will preferably be of
such a magnitude that modulation of the target light is no longer perceivable by
20 the subject. This allows thresholds at a later time to be more accurately and/or

rapidly determined.

Decreasing of the luminance of the target light may be such that there is a
decrease in luminance of the target light of between 1dB and 20dB, or between

25 5dB and 15dB, for example approximately 10dB.

Modulation may be undertaken at a frequency of between 1Hz and 15Hz, or
between 1Hz and 5Hz, for example 4Hz. The perception of modulation is often

described in the art as ‘flicker’. The modulation may vary from a zero value to a

30 non-zero value.



According to a second aspect of the present invention, there is provided a
measur enment apparatus for neasuring a property of an eye of a subject, the
15 appar awo=0anpa38si ng: one or nore |ight sources arramge&GR20N/G0$22bat i on
conbination or the like) to provide (at some point during inplenmentation of
the method of the invention), a bleachigg Iight, a background Iight
ostensibly invisible to rods (e.g. substantially red, and/or having or
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| um nance at whi ch m)dul ation of the target |ight |s not perceivable by the

30 subj ect anglridf < adetR’hgr belwesrcam pogledoffs” @md Kibstantial |y constant; c)
i ncrease the |um nance of the nodul ated target light; d) receive an |nput
fromthe subject, via an indication device formng part of the apparatus,

when jgodul Rlodomtioh dfhie téﬂ@e?ﬂ%ﬁt’ 032 SRIRSN)/ (ARRARkERN At XHDN%ad ﬁbgﬁblel afght is

per cei vabl e by the subject us indicating a rod-related threshol d; e)
after sai dthenpagch.decrease the |uminance of the nodul ated target Ilght and
f) repeat parts c) to e) to determne a series of rod-related threshol ds
over a period of time. 5 The one or nore light sources may al so be arranged

(in isol at hetordirgyTes rakEeoNdrasplet lof kB preséor irvention otiete isaprovifeal poi nt
during inplenentation of the method of the inventio a hackg Eound | i ght

and a t ar gBYeaspeanent: appayatisyias URgasyig aan@p?Bnggta’% PﬁﬁtOft%ﬁé I8t hEi ng
| f
P LB S | AbedAlf CUMBRIAG DeMUraTdHE. JiERE SHrOAC t%”r%et .gfﬁ"g ! ar get

| i ght belng superlnpos €  'upon one anot ei ng
pr esent abl eomblrtaltlenalmhedike}atmbrcb\}m (&thsorhe rpgsrit dtjrg‘rg imemeotatmmt ofothea
paraf oveal region of t he s ect rei| na. i nve{;tl on

will now b@ Qfptg "E)‘SF )ofa ing Hﬂmy av@?%gi‘?ﬂ%{ 2‘95&%“?%3' We
acconpanyi pgisfiigUbedds! qué@cgbtaﬁlﬁ ﬁad1 ér?dlé‘r #6%A &eﬁéﬁg advaveléndth

adapt ati on curve, as pr ousl des bed ure is a graph
depi cting greatem han y580nmiar am:&dapt%rgebrilghtlr oetenetbm ee%bh?dltﬂg rog®t (€9

di ff%r ent SLr;bstaraxtllaIR/l éar%(éﬂl an ) ea'vnsrlg or bglrn?;vé %%%Eflen%ﬁ‘?? s'sbt%gh 580nm and
greater than 400nm, e.g. around 514nm +/- 50nm), the background light and
target light together being suitable for rod-dominated stimulation, the
background light and target light being superimposable upon one another, and
the target light being presentable to the subject such that the target light is

25 incident on a parafoveal region of the subject’s retina; the apparatus further
comprising a control arrangement for controlling the apparatus to, in use: a)
subject the subject’s retina to a low level bleach using the bleaching light; b)
after the bleach has been undertaken, modulate the target light at an initial
luminance at which modulation of the target light is not perceivable by the

30 subject, whilst keeping the background light substantially constant; c) increase
the luminance of the modulated target light; d) receive an input from the subject,

via an indication device forming part of the apparatus, when modulation of the



Figures 3 and 4 each schematically depict neasurenent apparatus for
nmeasuring a property of an eye of a subject, in accordance with different
enbodi merwe 20f2/ksspr esent i nvention; 25 Figure 5 scheneCiraa2by/ebcts a
target and background as m ght be viewed by a subject when using the
apparatus of Figure 3 or 4, in accor danc; wi th an enbodi nent of the present
i nvention; and WD 2012/022938PCT/ GB20117/001226 10 In the Figures that

acconpany t.hj iption, . it should. e Fi he
features tHgt@éﬁﬁﬁﬁ%ﬁérﬁgﬁaﬁf&@ég}ﬁ%lﬁ%{lg@egﬁfs dﬁg&%ﬁb%tagﬁf H|oar F?gﬁﬁegf‘ O@Cal e,
and are schgnaftdraaidinpalt Uigcrebb& ehé Rahinaase ap freamiodulated dafdeetight, ahddyr es
may be given identical reference nunerals, for_ consistency 5and clarity.

di scussed dBB9R! PFHEi DUt Aettactrternmeap piaTiasusl 6xd-celatest threabelds ryes @
property of e?‘ﬂ)deéfeﬁm@”d in particular for neasuring dark adaptation
(synonyrmuspvmth sensitivity recovery) of the retina or conponents thereof,
10 such as rods and/or cones. Existing nethods have often concentrated on
one or nore_aspects of the neasurenent process, or,the results to

. . . be
obt ai ned t hEKePPe A raa@ ightsousess MavhalSederli_nesdiiprsalaian AqmRbiREPhave
been ineffi i gnt ;i1 SU 0 o&ﬁp a; i1iaef al
(for exarrplcfar, ﬁ{éng‘f(%eg?ﬁgﬁﬂlgﬁ nggg%a?m a g:ﬁ@ﬁ gﬁﬁéﬁt @‘?gr%ﬂgggﬁplgg?ﬁ?o
obt ai n t he riéthdards taddpverition), awackgshundrlight aRidgaitarget light, theebackgrourd of

t he dark adaptation curves shown in Figur , a time periqd,of 35 mhutes
or nore mﬂ'gﬁéaﬂédﬁi%&ghbt%ﬁgﬁrt%ﬂ&%g ﬁﬁ@aﬁsi%?%ﬁ?"ﬁ'ﬂ%fsaﬁf'ﬁm'%H'Oébé?%i ng
any pkg-pr | t LES ;

oSt T Snnal FRSIR Rt a1t BAGLCR BelG Shp SRAPHSATE Undh o Bhbther, and

exi sting nehaddsgetnidfhirbeipg prasestabiey te it istbjexd sushuthad theitargedrlight is

confusing, due to an anbj gui relagin 0_whet her obtained sensitivity

t hr eshol d Hﬁ%lgﬁ?‘te%ﬁt%ar?@%ﬁ?épét%o"t ﬂé{h§g%%?ﬂﬁfw§689%m nat ed, recovery
conponent or the third-rod-dom nated recovery conponent. |In accordance with
an enbodi rent of the present invention, these problens 25 have been

i dentified @hd presecbimvendionakilingow e deshidedt by vea ofsxemidd Sinierwith

over al | apnrpach 16, b, SRRl Fleeg iRURRRT N a single synergistic

Figure 1 is a graph depicting a dark adaptation curve, as previously described;

Figure 2 is a graph depicting a plurality of dark adaptation curves corresponding

20 to different initial bleaching levels, as previously described:;

Figures 3 and 4 each schematically depict measurement apparatus for
measuring a property of an eye of a subject, in accordance with different
embodiments of the present invention;

25
Figure 5 schematically depicts a target and background as might be viewed by
a subject when using the apparatus of Figure 3 or 4, in accordance with an

embodiment of the present invention; and

30 Figure 6 is a graph schematically depicting measurement principles associated

with one or more embodiments of the present invention.



I n accordance with an enbodi nent of the present invention there is provided
a 30 nethod of neasuring a property of an eye of a subject. The property
may be de¥O2PRPAB2938 t he dark adaptation curve for a ret PRA/AR0HA0ERE of a
subject, or in other words a sensitivity recovery neasurenent for the
retina of the eye of the WD 2012/022938PCT/ GB2011/001226 11 subject. The
nmet hod i s undertaken using an apparat us ich is arranged to provide a

oubst ant Fal I Hes E S BT Rep PRy B8 SBRLRsrk L ORI HCpbft e gy
and a tar gefigliidB)t 003h& Rialirgs Viherddfe Haver AEE neeedsarfiylisdeidralvhytogaegn,

and/ or having or 5 being a wavel ength bel ow t han 580nm and greater than
400nm e. g. paitiouldd SRienARM- as0seHematineinbastuge ouhdkd fRMUresm @PPERERE INi ght

ana target Pt oS bydyHs R SUEIGH R EhT humictAle 35 SGRRR L

manner s andapdejarigr.get [ight is presentable to the subject such that the
target light is incident on a parafoveal 10region of the subject's retina,
where rods are predom nantly | ocated. The nethod conprises: a) stinulating

ai ter Che o eair aedabivd RIS HRmAEERY, HRGAB s B F Mnpibrgler ©)

after the bl as bééen un

initial |unpropecs asf W céyarodindatinomparficuiie foar gesaduriplgt dask nadaptation
per cei vabl e by the subject, whilst a background |jght remains 15
subst ant i al {syneayrspustWith )sansdivitysiesgvene 9f thentaitd ef cOmPanRsats 4egolar get

LTght 5y od) T EEH XL ??dé%nhibﬁ%n%%?”&&i%gﬁ%tﬁ&& Kage oﬁ@ﬂ%d’?\gbﬂﬁ & {af?%nbar get
| ight T's percei vable Dy the subject, thus |nds|cat|ng aro -re?ate
t hreshol d; e) nafréeaspeaits] of thetmedsuneassit otéss, | omtheanesaiitsf tot he ohddmedt ed

target light; and f) repeatin arts c),to e f the thod to deternmi ne a
seriges ofgr. f?féfP’at édi‘dt Eﬁ)‘ﬁe§h@%&§ 3\?9“%4‘598$qu2@' GPPE[3ES MRY ri"?f()?eﬁ‘ﬁean_
takes a hol jskifRPRUAMEsoie BRGT tof Ao Sexpéitt §eMaSﬁ3h%v€ﬁt fh%ﬁe@%b'(ﬂﬁ_'tﬂ a

synergi stic manner to provide a quick, accurate neasurenent, and one w
| ess anbi guéxampleaimegffeetial urs aprdromescial emtifoodsntR5 Aasrexamytlantoegbtainethe

Cese: Tor natark Atabttarbeu) ErRiaE fbloufe de i R o Snoi,Shbe o AaRtalioR
i mredi at el yo M E8sRolvii@n Fag§@ed [ Snfdopenisd 6035 phRYRSYordRBRORR) be feyuireat el y

renoving the need to spend the time and effort obtaining 30 neasurenents
for the firiotundenekelthe measiremesbiself, disrpaniding. amhipseipiepanation|of the

the. rod o GBS Of est HeER ANt RECotent REst malbe, Bg HHEE Boqiies "™
Additionally, or alternatively, existing methods and/or apparatus may provide
20 results which are confusing, due to an ambiguity relating to whether obtained
sensitivity threshold measurements relate to the second-rod-dominated,
recovery component or the third-rod-dominated recovery component.

In accordance with an embodiment of the present invention, these problems
25 have been identified and overcome by taking a more holistic and more
considered overall approach to the solving of these problems in a single

synergistic method.

In accordance with an embodiment of the present invention there is provided a
30 method of measuring a property of an eye of a subject. The property may be
described as the dark adaptation curve for a retina of an eye of a subject, or in

other words a sensitivity recovery measurement for the retina of the eye of the



WO 2012/ 022938PCT/ (B2011/ 001226 12 data points in the second,

rod- dom nat ed, recovery conponent) is linear on a sem-log plot, and that

t he gradiwot2o0iz2gesBst anti al |y i ndependent of the bl eachiPo@/dB20HI001226
particularly when the bl eaching level is equal to or above 0.5% Thus, when
only a small nunber of data points have 1aeen obt ai ned for the second, 5
rod- dom nat ed, recovery conponent, a trend |line and thus gradi ent can

nuner ous) WeddSER ot Re enethodgs gt ped ) H an Sptalie UL afiEhetdfong
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10 readi | ysutstarstiay raddama/odbavingi ardweingadvanglenash greater najub8my) gnde an
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i nvention, iht?oéab!é SpbM ohadnoieady anl atpropiitte fragitindrhandtthe targeet tight is
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i n neasur enpiesentabie to heyhubjechavoh skatdhp darasddighbis *Fﬁlé’eé‘éé’ﬁrﬁjp?@i}% y
conponent and.the.third recov o] fdi skrightly
Gi 7T enint) G G D' BupBER Palnd WRRRE Dog? ik breffilhatd Tocled, =ik
invention, pethsd koopisédial) if etimuitindi end subjextsabétirehesith tai lswnlevelbe

related to the second recovery conponent, mneaning 2 hat further
nmeasur enent sleaeh néging dbe bl@a@%ngnmtt M eaftern the P?ﬁacahé@%\}%ﬁenr Hﬁgﬁﬂ?k%

gradient is W??@é{%%"hg@%‘%q@k 0t Qmﬁi'ii?mﬁﬁﬁa %eho% %@Hinﬁ’muléﬁoﬁ-gf the, taFg{egg it

is quickly asurenents are, atever reason, in’
region of tfghtt B hat perceivable bygnirenanbjecThivilsta bagkgnoend lightseamaing of
the |ike of the method or apparatus used to Bﬁéformg}ﬁgmt OPt é:’re a ?{0

r econdPder asikstaptialyronstantes)i angEeasng thapuanpaRce f e MEFUABHPSSt and
as will nowhs. i i FRYA! g0 [ idrh heyat livhi is
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5Figure 3 schematicall. epi.cts a ne renent ratus f.0 a
property of RNt rg@snég 3%%1'%”,3@&%@SﬁBPQE"ag&Bgﬂlﬁe‘aMt é{'?@ﬁ%{%@gor a
sensitivit YpaRE LY & ¥) of e RRRPISctePiiid & 88rids BNASRRNARA thRushoRi: overa
stand 32. The chanber 30 nay be, for exanple, an integrating sphere or the
li ke. 28 vi ewipegodafttin® i s provided which allows a subject to | ook inside
and vi ew

The invention takes a holistic approach, in that various parts of the method
combine in a synergistic manner to provide a quick, accurate measurement,

and one with less ambiguity than previous prior art methods.

25
For instance, the bleaching at a low level (understood in the art to be a level of
30% or less, perhaps 20% or less) means that measurements may be
undertaken immediately within the second-rod-dominated recovery component,
completely removing the need to spend the time and effort obtaining
30 measurements for the first, cone-dominated, recovery component.  This

immediately increases the speed of the measurement. Secondly, it is already
known that the rod slope (or in other words the gradient of a trend line fitting



10 at least a part of an inside of the chanber 30. The apparatus further
conprises one or nore |ight sources 36 located, in this enbodinent, within
t he chanbwo 2802/0229380t her enbodi nents the |ight sources may/dB2oligwaized

out side of the chanber, and light directed fromthe |ight sources into the
chanber. Referring back to the Figure, tma | i ght sources 36 are arranged to
provide (in no particular 15 order, but inhstead at an appropriate tinme, as

T oD P B P VRSB e o SO LSS A
sources maysémi-ibg plddléincmh&k the glﬁfdﬁéﬁtﬁ@sﬂbﬁbbﬁél@lnhdapbélyd@ﬂ&ﬁIthé)mébghmgnd

light and a substantially red target ght. Located within the ochanber 30
is a fixati@yepdraticdariviywhen e b Cﬁﬁ‘GblﬂVébts gAualotonar Rbgye tha'e j kBus,

provi ded | kB S Sial B Bf S5EIBANLORES, blkHSlorb i oiee <ebsH

general |y above T's presente ar an

rel ati gnshi ppd-dbaiinatedt qetbeer/i xatiponepyi at tredd asew'euhdi tbde@wdnebted:aann
nore detail below 25Located within the stand is a control Hﬁty an errent 40

for control Mg tafﬁ%’ya%&rséﬁttﬁ edreqatingr b neediAg dmsiertake éeg and
conprise a ﬁeﬁi% Ql%rl%%erftg’r-”? fthBFé)fseﬁé‘?{eeBrtotthg rrggsurégwe%’i@‘étb

enbodi nent (not ntr arrangenent ocat ed outsi d€ of,
or away frothe 1flllﬂ3 esdemdof dmel rodysidyee. i NThe rgarddmntvvanél ams assnoiatdd durthért h

the lights and the |ike. Referrin 30b th ure, the control

ar r angement MAYTMALIQN, 9F | NCEIANS é t F31 QL%%%C?JEQFS that igradigRkntan he

nmet ho cco | e bove
and 1 Cror o/ S, SR O et i, R Ty ey e
form of a bindicaioorofithe hiebkk of the eddscofihevetifed, so that a subject can

provide an input to the apparatus, for exanple indicating when a target
light, or the perception of nodulation (i.e. flicker) 5Sthereof, is visible.

I'n the enbog|ARBIMEROVEhd l&uﬁbg%w ?\g?rergPérI%'LE\%%@@d rE%Yth*éepr%%ﬁt ttiphedr Pl de

an appropriate tar get and ackground to that target,
rel ative toptasentexat itoa (ecd. htre@8baﬂ@°un@t(@nd@ore rgsnergatlys a3€ba¢hgrq¢m1 ect

the tgrget onto an 10 er.nal rface of th r. 30 rela

fixat a1én pof’ﬁ‘?r@%'y I"ﬁvﬁ'ﬁiﬁ ﬁgrr o%ﬁ%ﬁﬁ to s f & 3’?'5‘5 ro# hé'%&%gﬁ%er 30
may addi ti opRlovEnt @BRiporend SENARALIBA, W‘ﬂﬂs%ﬁrﬁ@xtt hﬁeérw fedt Bhedsersitivity
background |ight 'may be projected. The | I ght may be bj\eﬁt ed fromin front

of the machMe@sgiermerts| aghthe %ﬂae@@naa@@ﬂ@%&félm%r— aet afadigntys gero.
addi tional I ypy Ll bRt Afard &L%o BeM BRaHPENREE RIS Bresent invention, but

it is in fact an advantage. The fact that the third rod-dominated component is
20 effectively eliminated removes any ambiguity in measurements which might
otherwise arise between the second recovery component and the third recovery
component of different (and even slightly different) gradients. For instance, in
accordance with the present invention, it is known that if any gradient is
established, this must be related to the second recovery component, meaning
25 that further measurements do not need to be undertaken. If, for whatever
reason, no gradient is established (or in other words, the gradient is zero), then
it is quickly known that the measurements are, for whatever reason, in the
region of the third, recovery component. This may require a re-setting of the
like of the method or apparatus used to perform the method, or a
30 reconsideration of the criteria used to implement the method. However, and as
will now be appreciated, removal or elimination of the ambiguity is nevertheless

advantageous.



15 In yet another enbodi ment, not shown, there may be no need or no

requi rement to project the background light or a target light. Instead, one
or bot h Iwghor/aresssbe provi ded by a subject view ng thePCrgir20s001226
itself, as opposed to lights emtted fromthat |ight source. For exanple, a
screen may be provided such as for exanggle an organic light emtting diode
screen, or a liquid 20crystal display screen, via which the target nay be
provi ded. In any enbodi nment, the background |ight and target light are
superinposabl e, so that the target |ight my be presented on the background
light, a camtgralsédievent edfathev présemt navertidrevikeeow e tasgited,iightwandft he
background |ight being 25variable by varyjng the | um nance (for exanple) of
the t ar geteXangHe onh Withyislerepae ta &1 Sﬁﬁ'é-n and described with reference to
Figures 3 and 4, or variants thereof, may be used to inplenent a nethod
according to an enbodi nent of the present invention. Figure 5 will be used
to descri dgare 30soméreaticdlyt depictd 4 macaswemedt apM@ratus for measuring a

2012/ 022938PCT/ GB%Oll/ 001226 15 Fi lﬁre 5 shows a, vjew,t ag m ght be visible
to a subj S¥PPEREPT FbI8YRgOt Ar BURIRCE HET WXeliRly BoYdrKordd @'%‘Pléi%*&%‘? Yeleri bed

in relati e a r t | 5 ' I on
poi nt 38 ?éséntssﬁ%/&%ggég\?%rﬁdi 'Ige;‘ar%ﬂu%ﬁéﬁ{shg(?ﬂP Pséz;%(iaoghé;@igﬁ{ %??Smiogjh? ﬁ{abﬁé get
| i ght 60. stamd 32r g€he Ichghtberi3fhmayobe afonaxanipde, an vitegiatiog dphenhiocihease

he Fi . depi . wh h ‘ i gh | d ol 1 gh .vi sifl h
Loer ot dismoRuraing Bt a &S alRidk whliRIoNG & Sulleeliodabn iside 3hd Vb © 1"
locajed refiabaste b@nbhgnfih&aéidmh@ega@bas 30Thehd SpdraflssiirPet Bofipeiet hat

when the fixation point 38 is viewe y the subject, the target light 60 is
i nci dent @neaoparciedighbéisouezfisod6 docated, muthiseembodiraenty ayithiméne chagbesj ority

of rods, t 10 susceptible to eye disease, are, |ocafged. t l'i ght
60 m ght pitbt dPeABLISTORITENE he fork s aRaRa 'ﬁﬁé{%f’i QQ{gfdo%%ﬁﬁ%t 38
to stiml dranfhdredha@night direbd fem e igh Sdurddd int@Yhé Rhaiiber. Refemhgent s
conprise one or nore distinct dots, lines, arcs, or the |ike. )
back to the Figure, the light sources 36 are arranged to provide (in no particular
15 order, but instead at an appropriate time, as will be explained) a bleaching light,
a substantially red background light, and a substantially green target light. In
another embodiment, the light sources may (e.g. additionally) provide a
substantially green background light and a substantially red target light.
Located within the chamber 30 is a fixation point 38 which may be an object or
20 mark or the like provided in the chamber 30. The aforementioned target light
described generally above is presented to the user with a particular angular
relationship relative to the fixation point 38, as will be described in more detail

below.

25 Located within the stand is a control arrangement 40 for controlling the
apparatus. The control arrangement 40 may be or comprise a computer or
other form of processor or the like. In another embodiment (not shown), the
control arrangement may be located outside of, or away from, the stand, and
may be in wired or wireless connection with the lights and the like. Referring

30 back to the Figure, the control arrangement 40 is configured to control the
apparatus to implement the method according to an embodiment of the present

invention, described above and in more detail below.



15The target light 60 is |ocated such that an angle that is subtended
between the fixation point 38 and the target |ight 60, or a part thereof,

i s bet weewoa2ni2zzmegde of 2 and 20 where rods or nostly | oearaB200ro0izebet ween
4 and 12, where rod damage is nost likely to take place, and preferably
between 5 and 10 where rod danage is Ii{;ely to be nost concentrated. The
target may thus have an 20 extent, in radial direction fromthe fixation
point 38, of 8 or less. The target light as a whole may have an area, when
viewed by the subject, of for exanple, at |east (40)2. Such an area m ght
meke nodul ahiiagicafion dRvicar 4&foP @xBRipte REHEERIPbRa HiRiohN&r thBSiKER RS Hiseent
more effective (e.g. nore accurate, or quicker) 25 A background light 62 is
al so provi peyidesn sahtheh at subjectreas pravige asonput touther appasskis, farexample

i'Ght o2 nlyROrSowheAre Bednist. AR IRE el bRl 6P i ud T RERR R e
fixatigon pgigheof3’k Agidiean outward extremty of the background 62 is 30at

| east 15 (i.e. so that the background as a whol e subtends an angle of 30).
WO 2012/ 022938PCT/ GB2011/ 001226 16 Usi ng t he apparatus descri bed above in
relation t | - /| Qr A JU [ ' L el i.scussed
above in rg\ﬁe?%hBPg' |gus(r?’émé maﬁ'ﬁg)?%gdwn%m%\@%%g&g g%&?g‘% B@%%ra ;ﬁng a

property ofpgropeite Rirgét sndjadcipdropdatedbsltkgko@sthpd #idtaargetir retativer toathe
sensitivity recovery neasurenent) 1 n accordance with an 5 enbodi nent of the
present i ntEHANOROINE3Gur £06 ipstagcectie lightspddimay ProIga! the et GRfhaAce or

Desiloro . F PiRE ndflce
ioed Do bR Sulert REE FRaoRe S0TeRng i ol pdid"Be M antiler T

that are obinbodmbéret, shewafinofigudd U tize thasibep 30t mafy additiorellpocbmptise a
subject's retina is stinulated with il/ | ow | evel ﬁl each using, bl e&c I ng
li ght provFERN P He Wchihetargghand/gr pagkaraund fightmay be pidjected dh&achi ng
i ght may rbiqG i , t : it i or
the | ke, TRETTALERCLFHPY (i fpar TR AR RIPIE R o BesarBel o
rod sl ope absovendepdadetivelyf ortduditidresiytby(laghds b8 residingf lwetend treaseeentidn 15

0. 59 but i t hi gh . to_del h t of th d- b Kk d
Chus 1l ayint HETread e n@mpadimente el shoBRe. ToreemaYoRel Ao diedtnAoa
used her ei pqiiremede tyNst8fezt @9l baRkgRUNA fidht draRasr @h’é%ﬁ&%d%ﬁ@%r

I
preferably 5- 15% and for exanple in the range of° 10% 20In one instance,
t he bl eachbetly lighiatmanyber@revided de a aubjededievanadhpl light rBawjce diselfolst he

or evi ous! yonRe B Biriter MERRtefERRO by FlRAaMRE SR8 oy Be g,
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the subject (for exanple, another Percepti on of nodul ation (e.qg. flicker)
t hr e2Bol d crystal display screen, via which the target may be provided.

In any embodiment, the background light and target light are superimposable,
so that the target light may be presented on the background light, a contrast or
relative luminance between the target light and the background light being

25 variable by varying the luminance (for example) of the target light.

The apparatus as shown in and described with reference to Figures 3 and 4, or
variants thereof, may be used to implement a method according to an
embodiment of the present invention. Figure 5 will be used to describe an

30 implementation of that method.
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distinct dots, lines, arcs, or the like.

15 The target light 60 is located such that an angle that is subtended between the
fixation point 38 and the target light 60, or a part thereof, is between an angle of
2° and 20° where rods or mostly located; or is between 4° and 12°, where rod
damage is most likely to take place, and preferably between 5° and 10° where
rod damage is likely to be most concentrated. The target may thus have an

20 extent, in a radial direction from the fixation point 38, of 8° or less. The target
light as a whole may have an area, when viewed by the subject, of for example,
at least (4°)*> Such an area might make modulation of the target 60 more
perceptible, making the measurement more effective (e.g. more accurate, or
quicker)

25
A background light 62 is also provided, on which the target light 60 is
superimposed, or superimposable. To function as an appropriate background,
the background light 62 may for example extend such that an angle subtended
between the fixation point 38 and an outward extremity of the background 62 is

30 at least 15° (j.e. so that the background as a whole subtends an angle of 30°).
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appaﬂ%tt us AP%)t Rt isptER NQIH Fl ?‘6 r}éeﬁ@ﬂ{%%)'ocgpg?%g g%%gbgtthgg Thi s

i nput i ndi ft e&hp' fbple. ThugONbhafvePblddoh ranased

t hreshol d Ogéﬁ% %@lrﬁggﬁdrél}%ng% ofg{er el atse hr eshold is recorded, and is
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15%, and for example in the range of 10%.

20 In one instance, the bleaching light may be provided in a dedicated bleaching
part of the method. In another example, the bleaching light may be provided by
a previously undertaken method, that method comprising for example a light
modulation based test used to determine a further property of the eye of the
subject (for example, another perception of modulation (e.g. flicker) threshold
25 measurement). Using a previously undertaken method to provide the bleaching
light may be preferable. One reason might be that the subject may not know
that the bleaching has been or is being undertaken, improving comfort and
reducing perceived test time. Another reason might be that if the additional
method needs to be undertaken anyway, the two methods combined might
30 have some synergy and be quicker to undertake in combination due to there
then being no need to provide a dedicated bleaching part of the method of the

present invention.
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potentially lead to an inefficiency, for exanple an increase in test tine.
Thus, the neasurenent of rod-related thresholds is undertaken until the

series of g’ HeatioW Idveesehels has been undertaken, a green target light is
modulated at an initial luminance at which modulation of the green target light is
not perceivable by the subject. At the same time, a red background light

15 remains substantially constant.

The initial luminance at which modulation of the target light is not perceivable
may be substantially zero, thereby ensuring that for the first measurement at
least there is no chance of the luminance being set at too high an initial level. If

20 the luminance is zero, the light is still given the prefix ‘modulated’ in this
instance to distinguish it from other lights described herein. When the luminance
is zero the modulated target light may instead be referred to as a region, zone,
area, location or the like where the (modulated) target light will appear/be
presented to the subject.

25
The modulation of the target light is undertaken at a frequency of between 1Hz
and 15Hz, or between 1Hz and 5Hz, for example around 4Hz. These
frequencies are low enough to facilitate easy detection of flicker (at an
appropriate luminance or contrast) by the subject, but are high enough to not

30 unnecessarily prolong the measurement as a whole.
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wi th nore accuracy. For exanple, |less than 10, or less than 5, neasurenents
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20 of 5t he thetretiga réspveexanpl e a recovery rate of the cones or a cone
t hreshol d or cone plateau, or the rod-cone break, referred to above. In one
exanpl e, the rod-cone break or the cone threshold or plateau may serve as a
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now be descripbed. The further nmet hod steps that can be undertaken to obtain
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green target e const
contrast tlight hmea)nrbe keqdadwsorr Iebedhabti\ﬂed/mﬁearmdphetfenabbfl lesaﬂmmet aqubitbeps
conpri se n;ES %fté ng a red target Iight on a constant green background,
t oget her sUPfPMe for cone domi nated stimulation. No pre-bleach is
requi red, because a bl each has already been 15provided in an earlier part
of the method, as described above. In sumary, the additional nethod steps
may conpriBee howiobace of te nmdiulaieqj@treeri WQetaﬁgfaris indréased (eugd fremczeral. whi ch
modul gt | On1'he lra%cr}gasrlﬁ(gj c§fal %elumlngnce o? the modulated target light is substantially
continuous (taking into account the modulation itself) and may comprise
ramping up of the luminance. The increasing of the luminance may be such
that there is an increase in luminance of the modulated target light of between
1dB/s and 10dB/s, for example around 2dB/s. The increasing of the luminance
20 of the green target light is continued until the subject indicates that they can
perceive modulation of the green target light. The user provides this indication
by providing an input to the apparatus via the indication advice (e.g. a button) of
the apparatus. This input indicates a rod-related threshold (e.g. contrast or
luminance threshold or the like). This rod-related threshold is recorded, and is

25 shown as a data point 70 in the plot of Figure 6.

After receiving the input, the apparatus is controlled to decrease the luminance
of the modulated green target light such that a new threshold measurement, at
a later period of time, may be undertaken to measure the recovery of the retina,
30 and the recovery of the rods thereof. For instance, the decrease in luminance
of the modulated target light will preferably be of such a magnitude that
modulation of the target light is no longer perceivable by the subject, thereby
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rod-related thresholds is undertaken until the series of rod-related threshoids
20 indicate a trend 72. The trend 72 will preferably be at least indicative of a rod
slope, for instance indicating a linear gradient on a semi-log plot. Only two
measurements are required to obtain a gradient, but a few more measurements
may be required to determine the gradient and thus trend with more accuracy.

For example, less than 10, or less than 5, measurements may be required.

25
Once the method has been undertaken, and the trend 72 established, the
method (or the part of the method described so far) may cease, and the test
may stop. The trend defining the rod slope 72 alone may be sufficient for the
needs of the person or company or the like operating the apparatus and
30 method, and for example might be used to undertake an assessment of the

health of the subject’s retina. Alternatively or additionally, further information

may be required or may be useful, for example information relating to the cones



251 ncreasi ng and decreasing of the |um nance of the target |ight has been

descri bedyoSHfth2hdigr €asi ng and decreasing nay be undert |
appropriate nanner, for exanple in accordance with the ?%%feb[ﬂgﬂgn 12rzgmges as

descri bed above. In undertaking such increase or decrease, the |um nance
may be increased or decreased with the ggmnge of 0 cd/nR2 to 5 cd/n2. 30 WO
2012/ 022938PCT/ GB2011/ 001226 22 above. Further nodifications nay be
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and a target stensibly visible to rods, the background |ight and
t ar gets | i ghite tasysibhe) mayi beyassessed! hiscadditenal informaken can peIQhtaipad byhe

background |ight an arget |ight being.superi upon one anot her
and the tar“_@ggrt?'f'aﬂ?“@é‘?r%ﬁemo@g ﬁP%rlﬁse‘%{”d’qD‘%éers%%J%ﬂ%&such that the target
light is 10incident on a parafoveal region of the subject's retina; the
nmet hod conpri si ng:
The further method steps that can be undertaken to obtain information relating
to the cones of the retina, and/or the rod-cone break, comprise much the same
10 method as referred to above with the modulated green target light and the
constant red background. However, and in contrast to the method described
above, the additional, new method steps comprise modulating a red target light
on a constant green background, together suitable for cone dominated
stimulation. No pre-bleach is required, because a bleach has already been

15 provided in an earlier part of the method, as described above.

In summary, the additional method steps may comprise modulating a red target
light at an initial luminance at which modulation of the red target light is not
perceivable by the subject, whilst at the same time a green background light
20 remains substantially constant. Next, the luminance of the modulated red target
light is increased until it is perceivable by the subject, at which point the subject
provides an input to the apparatus which indicates a cone-related (detection)
threshold. After the input, the luminance of the modulated red target light is
decreased, for example so as to make the modulated target not perceivable by
25 the subject. The method steps is then substantially repeated to obtain a series
of cone-related thresholds, and in particular a trend, the trend being one or
more of: at least indicative of a cone plateau (or threshold), or an approach to a

cone plateau, or a cone recovery rate.

30 Figure 6 shows the point at which a switch 74 is made between a green target
light on a red background and a red target on a green background - i.e. a
switch from a target light that is ostensibly visible to rods, to a target light that is
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when ot { SENSRMINGT 1 GgAFSE IR EXTBRPELNGIBSTIRA OO DN oGO8y
Chopr 2us “IEEEHRAES S BRElo TR ARED YR akene ek et s,
appar at us \sbtaifed.s The switch 74 causes a dramatic increase in threshold, providing an
estimate of cone sensitivity (e.g. via the recovery 76 or cone plateaus 78) that is
more accurate than prior art approaches.
10
It will be appreciated that, according to an embodiment of the present invention,
the rod slope 72 may be obtained more rapidly than in prior art methods, but
that information relating to the cones can also be rapidly obtained after the part
of the method relating to rod-dominated stimulation has been undertaken.
15
It will be understood from the general disclosure provided herein that the use of
lights other than green or red lights is possible. For example, wherever the term
‘red’ has been used, any light ostensibly invisible to rods may be used in its
place (e.g. substantially red light, and/or light having or being a wavelength
20 greater than 580nm). Wherever the term ‘green’ has been used, any light
ostensibly visible to rods may be used in its place (e.g. substantially green light,
and/or light having or being a wavelength less than 580nm and greater than

400nm, e.g. around 514nm +/- 50nm)

25 Increasing and decreasing of the luminance of the target light has been
described. Such increasing and decreasing may be undertaken in an
appropriate manner, for example in accordance with the levels and ranges as
described above. In undertaking such increase or decrease, the luminance
may be increased or decreased with the range of 0 cd/m? to 5 cd/im’.

30
It will be appreciated that the invention has been described by way of example

only in accordance with the embodiments, and variants thereon, described
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met fod fur GBgle CPORAS ilifications may bd hoFRMk bithg dKiled pediein, larghtheat an
initial |umnance at I ch nodul ation of the target ht is not

per cei vabl énveptiohes sotgjndet, twﬁnc@npamthﬁﬁam@'ftﬁ@ﬁénh he 'F‘\é’%’(ioﬁ‘s's not

substanti al | ncr e
nodul ated £ ¥t'”?'fe§’htp the emb°d'mqr3ts’r%kdeY§ffaﬁg§Hr?f’éﬁ fobfd roew “e%ct
when modul g{diesy eéﬂﬁé@ahamaﬁﬁedmw{m«; disinRethaefoneldl e by the subj ect, thus
i ndicating a cone-related threshol d; iv) after said |nput
decreasing the | um nance of the m)dul ated target 15light; and V)
repeating parts ii) to iv) of the nmethod to determ ne a series of
cone-rel ated threshol ds over a period of tine. 4. The nethod of claim 3,
wherein parts ii) to iv) are repeated until the



20series of cone-related thresholds indicate a trend, the trend being one
or nore of: at least indicative of a cone plateaux; and/or at |east

i ndi cat i weoab12zan2%ppr oach to a cone pl at eaux; and/ or at PCEaER20iwMdiI2at | ve of
a cone recovery rate. 25 5. The nethod of any preceding claim wherein the
| ow | evel bleach is in the range of 0.5% 30% or in the range of 5% 20% or
in the range of 5% 15% or approxi mately 10% 306. The net hod of any

precedi ng Lﬂlﬁ% wherein the bleaching light is: provided in a dedicated

bl eachi ng‘g f the nethod, or 25 provided by a previously undertaken
met hod, that nethod conprising a |ight nodul ati on based test used to
determne a further property of the eye of the subject. 57.The nethod of
any precedl.ng ohanathoshef angasuring @i pragertyunf mineye a2f answhiesbdengdt #dn of
the target light is .not perceivable is substantially zero. 8. The net hod of
any preced‘i"?f’gagﬁfuéi‘?‘rtu"cﬁ/ﬁ%rei n the |um nance of the backgr ound | i ght

il_sogg/sﬁ]l? | to or Akssgddas Hrodild BRbleueding Gher adl badkgssurichaighbrosidradpipl to
invisible to rods and a target light ostensibly visible 1o rods, the background light
and target light together being suitable for rod-dominated stimulation, the
background light and target light being superimposable upon one another, and
the target light being presentable to the subject such that the target light is
10 incident on a parafoveal region of the subject’s retina;
the method comprising:
a) stimulating the subject’s retina with a low level bleach using the
bleaching light;
b) after the bleach has been undertaken, modulating a target light at
15 an initial luminance at which modulation of the target light is not perceivable by
the subject, whilst a background light remains substantially constant;
c) increasing the luminance of the modulated target light;
d) receiving an input from the subject when modulation of the target

light is perceivable by the subject, thus indicating a rod-related threshold;

20 e) after said input, decreasing the luminance of the modulated target
light; and
) repeating parts c¢) to e) of the method to determine a series of rod-

related thresholds over a period of time.

25 2. The method of claim 1, wherein parts ¢) to e) are repeated until the
series of rod-related thresholds indicate a trend, the trend being one or both of:
at least indicative of a rod slope; and/or
substantially linear when plotted against a logarithmic scale.

30 3. The method of claim 1 or claim 2, wherein after part f) has been
undertaken, the method further comprises measuring another property of the

eye of the subject using an apparatus which is:



9The met hod of any preceding claim wherein the |um nance of the target
light is in the range of 0 cd/n2 to 5 cd/nR2. 1510. The nethod of any

pr ecedi ngwol2aiam22988er ei n t he i ncreasi ng of the | um nancecCofGE2ha/mvoxtal at ed
target light is substantially continuous, and/or conprises ranping up of
the lum nance. 11. The nethod of any pﬂacedi ng claim wherein the

I ncreasing of the 20 | um nance of the nbdul ated target light is such that

Lodei's, for examrased S piOUdEA Badharolfig RhPRbIFs B AP R SRR R AT
wher ei n t hargetcligrtsestensiblyrinvidisie ®bedds, thenbaikgro@stl tighoahd! iagét fightof
such a magni tude that nodul ation of the target li@%ht IS no | onger

per cei vabl ©oggtharneisgpjuwiable fars conaslominated simalajiopr she diagkgiundniightner ei n

decr easi ng Iy: . Of . light i t hat e LSy
decr ease i?\rt' S?Ag‘ég”rl{@gpgg '@h%ﬁﬁﬁéééégﬁlahq@b%éb%}%&ﬂ%rn%gB{hgn@?gﬁﬁ@tor
bet weén SdieiagdprEsdRtabledito ethanpligeeppuoixithat ehey taR@B.ligh¥Vis incident on a
2012/ 022938PCT/ GB2011/ 001226 26 14. The nmet hod of any preceding claim
wherein t h%ar(r%ﬁﬁaif‘?%ﬁn pkthe subject's retina;

the method further comprising:

i) modulating the target light at an initial luminance at which
modulation of the target light is not perceivable by the subject, whilst the
10 background light remains substantially constant;
ii) increasing the luminance of the modulated target light;
iii) receiving an input from the subject when modulation of the target
light is perceivable by the subject, thus indicating a cone-related threshold;
iv) after said input, decreasing the luminance of the modulated target
15 light; and
V) repeating parts ii) to iv) of the method to determine a series of

cone-related thresholds over a period of time.

4. The method of claim 3, wherein parts ii) to iv) are repeated until the
20 series of cone-related thresholds indicate a trend, the trend being one or more
of:

at least indicative of a cone plateaux; and/or
at least indicative of an approach to a cone plateaux; and/or

at ieast indicative of a cone recovery rate.

25
5. The method of any preceding claim, wherein the low level bleach is in the
range of 0.5%-30%, or in the range of 5%-20%, or in the range of 5%-15%, or
approximately 10%.

30 6. The method of any preceding claim, wherein the bleaching light is:

provided in a dedicated bleaching part of the method, or



undertaken at a frequency of between 1Hz and 15Hz, or between 1Hz and 5Hz,
for exanple 4Hz. 515. The nethod of any preceding claim wherein the target
i ght is wocat2t2938l ati ve to a fixation point, so that ROEGHE22bE/ML228t 1 ON
point is viewed by the subject the target light is incident on the

par af oveal region of the subject's retipja, the subject fixating their view
on the fixation point during at |east art of the nmet hod, and wherein:

10t he target is |ocated. g?that an.an % i S subh}oggeg’ggetme n, the
i xati on o nt and « HEVidathdy ar PRI ¢ Haken, SBie P
subject is: between @&néﬁghﬁ thg%taf%da@goﬁrbaé&f &R Ny Y %‘%éeﬁﬁméoaa”d

120; or between 50 and he net hod of any preceding claim
wher ei n nodul ati on offurflhleeptwajmoﬂthg}ayeldtmldebjeaken as soon as possible
after the bl each. 17. A neasurenent apparatus for neasuring a
property of an eye of a 20subject, the apparatus conprising: one or

nore ki ght7sourtre methaoet dng PreRedry didiheamyrel tHaitiaiupsiakacound
| ight ostensibly invisible to'rods and a t ar get light ostensibly visible to

rods, the Whickgnedulation ghtheatadgetdightis notgrarceivaeletie substantialyuzerabl e f or
r od- doni nat ed stinmul ation, the background light and target |ight being 25
superi nposabl e upon one another and the target |ight being presentable to

the subj ecg suctihé haktHdee ovaé:sgﬁtprébgmhgléla;rﬂcmémom@ Io@irfre¢edl thegi on
of the subject's retina; the apparatus further gonprising a control

arrangene agkgrowwhlioh isienyal h@ oaﬁ@%ﬁ thansSOsd/mn anseprefergphulgisedhan ios
subj %t S écﬁ}dlqgﬂ(ﬁ:ﬁmbpw | evel bl each using the bleaching |ight;

9 The method of any preceding claim, wherein the luminance of the target

light is in the range of 0 cd/m? to 5 cd/m?.

15 10. The method of any preceding claim, wherein the increasing of the
luminance of the modulated target light is substantially continuous, and/or

comprises ramping up of the luminance.

11.  The method of any preceding claim, wherein the increasing of the

20 luminance of the modulated target light is such that there is an increase in
luminance of the target light of between 1dB/s and 10dB/s, for example around
2dB/s.

12.  The method of any preceding claim, wherein the decrease in luminance
25 of the modulated target light is of such a magnitude that modulation of the target

light is no longer perceivable by the subject.

13.  The method of any preceding claim, wherein decreasing the luminance
of the target light is such that there is a decrease in luminance of the target light

30 of between 1dB and 20dB, or between 5dB and 15dB, for example
approximately 10dB.



WO 2012/ 022938PCT/ GB2011/ 001226 27 b)after the bl each has been undert aken,
nodul ate the target light at an initial |um nance at which nodul ati on of

t he targewol20p22938 not percei vabl e by the subject, whilPst/dBzepioog2the
background |ight substantially constant; C)increase the |um nance of the
nodul ated target |ight; 5d)receive an ijgput fromthe subject, via an

I ndi cation device formng part of the apparatus, when nodul ati on of the

target i [ er cei l e b i . i_ngh ' _
b Sshol oy af 1B SRNRS o2l ofip NG ctaif Suiehe® e Nphdbuldfo’ 5 31 €
target |iglifiderikén M feog@dndyeditisetwpeh d H2) and 186z eonbeteverns Bz aad &GiHz,

rod-rel ated threshol ds over a period of tine.
for example 4Hz.

5 15.  The method of any preceding claim, wherein the target light is located
relative to a fixation point, so that when the fixation point is viewed by the
subject the target light is incident on the parafoveal region of the subject’s
retina, the subject fixating their view on the fixation point during at least a part of
the method, and wherein:

10 the target is located such that an angle that is subtended between the
fixation point and the target, or a part thereof, as perceived by the subject is:
between an angle of 2° and 20° or;
between an angle of 4° and 12° or
between 5° and 10°.
15
16. The method of any preceding claim, wherein modulation of the target

light is undertaken as soon as possible after the bleach.

17. A measurement apparatus for measuring a property of an eye of a
20 subject, the apparatus comprising:
one or more light sources arranged to provide a bleaching light, a
background light ostensibly invisible to rods and a target light ostensibly visible
to rods, the background light and target light together being suitable for rod-
dominated stimulation, the background light and target light being
25 superimposable upon one another, and the target light being presentable to the
subject such that the target light is incident on a parafoveal region of the
subject’s retina;
the apparatus further comprising a control arrangement for controlling the
apparatus to, in use:
30 a) subject the subject's retina to a low level bleach using the

bleaching light;
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b) after the bleach has been undertaken, modulate the target light at
an initial luminance at which modulation of the target light is not perceivable by
the subject, whilst keeping the background light substantially constant;

c) increase the luminance of the modulated target light:

d) receive an input from the subject, via an indication device forming
part of the apparatus, when modulation of the target light is perceivable by the
subject, thus indicating a rod-related threshold:

e) after said input, decrease the luminance of the modulated target
light; and

f) repeat parts c¢) to €) to determine a series of rod-related

thresholds over a period of time.



