
john p. hemming 

1979 



Cur present method of c ol or perime t~ is definitely 

not worth the effort envolved except in special circum-

stances. The most usefull colors are red and blue, noting 

chromatic endpoints in conditi ons such as tobacco 

amblyopia, minute foveal l e sions , optic nerve disease, 

and su;r achias'1Jal and infrachiasmal lesions. Pa tients 

with cisease of the temporal, parietal and oc cipital 

l obe s cause de fec t s in acquired knowledge. These patients 

wil l have im-r:::ai red abi lity to identify colors. I t may 

be t ha t substituting colored for wh ite test objects is 

s i m;:>ly a way of reducing the s t rength of t he stimulus .1 

Color perimetry has been around for a long time 

al though it is lacking i n s tandardiza tion and development. 

Research was published as far back as 1923 when Ferree 

and '!:(and wrote on the ef fect of t he intensity of a s tim­

ul us on the size and s hape of color f i elds. They ranked 

the col ors as t o the bread th of their{-llli·~·i ted _-~).field. 2 
'-~- ~ --.::::.-·w ... .,._... .. ,..._, ,.._.... ,,.,p:.:. ·. 

Quantitative stud ies f ol lowed, compari nf achromatic and 

color sensitivities. 3 Diagnostic value was recogni zed 

i n neurosurgery by Alexander in l95c .4 Appli cations 

are being published year ly by Verriest , Lakowski and 

many others . The basis f or why c cl or ~erirnetr;y might 

be a me aningful diagnostic tool be gins with the photo-

r ece ptors of t he retina. 

There are two shar!)ly distinguished classes of 

photorece ;:> tors .5 ~eti nal r egi ons are functionally 



specialized by the distri bution of r ods and cones. Regions 

organized for detecting gross form and movement contain 

~ostly rods . These areas col lectivly are called t he per­

ipheral retina. The regions bi.ased fo r inspecting detail 

are richer ir~ cones. ,r;:'hese regi ons make up the central 

re tina. Cclors are rec ognized in t he central r etinal 

cones. This central area tencs to be free of major re­

tinal bl ood vessels. The extent of the cone rich area 

is ab out one centim~ ter in diameter. The cen t ral fovea, 

containing only cones , occupies a regi on of only 54 

minutes of arc. The fovea i tself occupies five de grees 

of arc . Cuts ide of he central fovea, the cone concen­

tration falls from about 150 , 000 cones per square mill-

imeter to some 4000 to 5000 cones per s quare millimeter 

across the entire retina. In perimetry, as the field 

si ze increases, t he effective optical dLns ity of the cone 

visual pigments decreases expone ntially .6 Cf the three 

ty pes of cone pigments, the central fovea may be defi­

cient of c ones with a peak absorption in the blue. 5 In 

photo pic conditions, the s_ ectral sensitivity to short 

(blue) wavelengths increas es fro~ the fove a t o ten degrees 

peripherally. Bey ond ten de grees, there is no change in 

the sensitivity. This contradi cts the 3tiles two-col or 

threstold fer the r ed ar.d green system . Thei r sensi t i vity 

continues to decrease in t he peripj ery. The answer lies 

in t he non-o ;)ponc.::1 t system of short ,.,avelength detection. 

If we did not bl each the r od syste·n f irst, t he detecti ·Jn 



would be set up as a blue-ye llow or ponent system, follow­

ing t he Stile s thresho~d. 7 ~part from thi s , there is 

little i :1for~ation on t he distribu tion of c one vari et­

ies ir. the retina. :::xc lud ing tLe central fcveal 1/8 

de gree area of t he retina, the tri chroma ti c vision 

extenc s s ome 20 to 30 de grees. Cutside of this area, 

alth ough cones are still fou nd , c olor sense is lost. 

~ ods pl ay a small ~art in color vision. Color coded 

cel l s in th e visual system r ece i ve input f rom rods 

a s well as c ones. Coler c 0nt rast i sseen in images 

that stimulate only r ods and red cone rece pt ors. These 

are at mesopi c levels outs ide t he fovea. It is nudcter­

~ined wha t , e f f ec t the rods have and how ~uch of the 

retina is "tetrachromatic". 5 

The t richromatic theory of color visi on was found 

i n research by ~.1 aione8and others to exist in the per­

iphery of the f undus a s far as 80 degrees. Thi s sug­

gests that color p8rimetry should be useful bey ond 

j ust a central tangent screen. Why then is there a 

histor y of poor a pplication for col or perimetry?9 

Phy sic al defi nitions of colored stimuli and surrounds 

have been poor. Since the stimulus now differs from 

t he backgroLnd not only in brightness but in col or, 

the chr o~atic element must be named . This leaves un­

certainties in the psychophysical nature of each patient , 



Color filters on peri~et~rs h ave not been standardized, 

sane giving a ~u c:t. bT'oader s ;:ectra1 band. 

In normal color fields, ~ac h c ~ lor target gives 

two -;JOte nti a1 endpoints. The achror:.:a tic end pJint is 

when the patient fir s t recognises the presence of a 

l ight. The chroma tic endpoint is whL n the pa t i ent can 

· na~e the C:)lor of t he s ti~ulu s . 1 0 Und er photo pic con­

diti ons col or pe-rimetry can be di-rectly equated t o a­

chromatic targets.ll A cent ra l blue scotoma can be 

found. This may be due t o a l ack of blue phot orece ptors 

or ~artial ly due to experimental design . If the blue cones 

have a different neural-retinal ho okup , for a low lmn­

inance blue, a larger target is needed . This is an 

indication of summation occurring between the blue cones 

t o illicit an excitatory responce . CarlowlO found sup­

port f or Traquair's theory of equal c olor isopters but 

only if the hue, saturation and intensity are all e­

quated. There must be a definition of equal energy as 

well as equal brigh tness, saturation and hue when we are 

finding a normal c o~ or i s opter. ,\gain, more standa-rdiz­

ation is needed. In gene-ral bl ue and red have larger 

isopters t han green and yellow.9 Verri est and Israel 

equating brightness, found the r~d is~pter the smallest.lO 

With constant lu:ninosi ty, the Comrni ttee en Colorimetry 

of the Cptical Society of Ame-ric a found a decrease in 

isopter size from yello'N or blue to red t o green. 
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Went wor t h, usinz equal energy stimul i, f ound the blue 

isopter ciffere t fror the com::nittee's b.;· being a little 

s~aller than t hat of red. In t he periphery , he found a 

need to raise t he s l imulus energy f 0r a l l wavelengths. 

In studi es by Carlow, 10 the isopters were di ffe rent 

f r oT. t h os e found previ cusly using equal luminosity and 

energy. ,l-le also f ound t~e achr omatic t hresh old to be 

smaller t han the re s t with the red target. Carlow related 

the decreased red achromatic i s opte r t o a decrease in 

the energy per quanta a s t he wavelength increases and to 

the ~eri ~~eraJ retina being r e: a t ively protanopic. 3e 

re l ated a decrease of t he yellow chromatic isopter in 

equal lu~inosity to a de saturati on e f f ect due to back­

ground luminance. Yellow is cl osest t o white ~hysi olog­

ically, making it 's d~saturation great~r on a psycho­

physical basis than other col ors . The dec r ease of the 

red is opter for equal energy conditions wa s given to a 

greate r energy requirement to s timulate the retina with 

longer wavelengths . 

Lakowski, in l977, 11 using a Gol dman perimeter with 

high lu"'l i nanc e chromatic t ar gets, found t he r ed t hreshold 

equal t c an achr o~atic isopt er . The green thresh 0ld was 

lower. 3 e f ou nd a blue centra l sc otoma. The t hreshold 

profiles did not devi a te grea t l y f~o~ achr omatic targets 

under max imu~ luminance condit i ons . Under the same phot opic 

conditi ons , Lune l and Cronel 2 :ound an increase i n blue 



sensitivity and a de cr ease in red when eccentrici ty acros s 

the retina increased. They a ttribu ted this bl ue phenomenon 

to characteristics of t he blue pe~ipheral con~ s or to a 
.... 

res i dual r od eff ect duri :1g photopic conditions . As one 

rr. igh t expect, 1<ai one 8 and others 1 ound de creased c ::_ 1 or 

sensi tivity with i ncreased age . 

The se "normal " i sop ter stt..: dies are inconsistent 

becau s e cf s everal fact crs . Every one ' s te chnique f or fie ld 

s tudy is different. Ther _ are dif1erences of instrumentation, 

li ght i ng, pr esenta ti ·: :1. ond fil t ers. Subj ects themselves 

vary e r ea t ly i n abil i t y t o di scri minate. Equati ng the 

colors to brigh tness cr energy actually c~anges the stim­

u i for various tes t in6 conditions. With this in mind , 

r e sults f or the various applications for col or perimetry 

to be u s ed in a clinical s etting ~ay vary fr om scient ific 

s tudy. := n general , i t is usually bel i eved t~tat the bl ue 

i s opter is the lar gest a nd has a central sc otoma, followed 

by r ed and green.l So~e rec ommendati ons for application 

and instrume~taticn s e t up can be made. Your ; erimeter 

mus t be standardized witt. y our patients in your of fic e 

c onditi ons. 7 or progr e s s i on of c i seas e or f or ac qu ~ red 

c olor deficiencies, c ol cr t hresh old should be used.l3 

Di fferent colored targets tha t are equally bright can be 

used for oe t ection of sub t le periph ~ ral and central defects. 

'feJ low is used in the centra l area, red in the midz one 

and blue in the peri pc ery.lO Lune l and Croneg feel exact 



col or perinetry neec s t~1 e f ollovvi ng : 1) High ph ot c, pic intensity; 

2) Col or definitions fr o~ ~ onochromatic or interference 

filte r s; 3 )The stimulus shoul d equal the surround in sub­

j ective bri [ htness, kee ;;ing in mi nd these change at (Jiff­

er c: n t ret i nal loci ; 4)1..!se static per·imetry varying the 

col or ~uri ty fr om 0 to 100 percent . Co:npare t his f i gur e to 

white(zero pur i ty ). The use for c clor perimetry extends 

not only for pr oblems of t he r etina,but f or systemi c c on­

diti ons that mani fest anc~ a l ies of the vi sual system. 

An o~ a~ ies 0f t~e ~acu la shoul d be good candidates f or 

a c olor =: i elc study. '"":'he ~i gmentary retinopathie s wil l 

sh ew a de cre ased blee sensitivity. A general i zed decrease in 

the col or f'ield s is seen in juvenile macular de generation . 

and t rogr essive c one ci y s trophies . l4 For macular oedema , 

including central serous retinopathy, a blue target on a 

yel l ow backgr ou nd wi l l 1 ive the greatest dec r ease in blue 

sens itivity.l3 Unf ortuna tely, Maione B 1ound no selective 

i mpa irment i n central s ;r ous retinopathi £'~~ , This indicates 

if differences a~e fou nd i n experimental date, they will 

surely be f ound i n cl inic al se ttings . 

Changes in c ol or vi si on will obvi ously be pronounced 

in a col or f ield study . Us ing achr omatic isopters,l 5ther e 

i s a large decrease for blue in the aged. Red i sopters may 

not correl a te with t he t l ue . With a Ja ptat i on t o blue , the 

isopter i ncrease s in normuls but d oes not change in retro­

bul jar neur itis. This i s a ttri buted to a lack of c antrast 



perception. 3lue can be used t o analyz e the ocular me~ia . 

Green can be used instead of white for a general light 

sense. Color fiel ds are good f or finding decreased cone 

function . If there is syrr,! ·torr.atic ~ecreased v :. sual acuity 

in bright surrounds, t s t the red and blue targets on a 

grey background under br ight i1luminati on. 16 These cases 

o'ccur ve ry inf requently. I n congenital pro tanopia, the red 

t hresh old is poor, but is better t han expected for blue. 

AS expected t~ere is a dec rease in the gre en fields for 

deuteranopia, and b~ue in tritanopia.l 1 

Color fiel ds are affected in lesions of the optic 

nerve and brain. Optic n~uritis will yield decreased s ens­

itivity t o all i s opters.8 Verriest14 found enhenced bl ue 

for optic nerve diseas es. -qed and f reen sE:.e::- most sensitive 

i n early c5 iagnosis and perr-anant da:Tage of involved areas 

of the optic nerve by rtJlative centra l scotmas or sectoral 

defects. 17 In hoo o~·mous f ield defects , vascular brain 

les ions decrease the red and green field s. les ions pos t­

chiasma} have l ess an effect on col or fields. Tumors usually 

do not affect the color fields of h : monymous related lesions.l8 

The widespread use recently of ovulation i nhibi tors 

(the pill) has stimula ted research in all areas for side 

effects. Toxici ty may vary with the actual compositi on of 

t he pi l l . The possibility of toxicity increases wi t h prol~nged 

use up to f i fty percent for five years of administrati on.20 

An early sign of ocular toxicity is a defect in the blue 

visual field.19 This may be an early indicator for sig-
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ni f i cant systemi c sice effects to fo1l ow. 

Central vi sual 1i eld defects are exagerated with 

colored stimuli in ro !!le cases of amblyopia. I:r s t rabismic 

ambly opia, a central scotoma is eru~ anced with blue or 

yell ow ligh t. The lu':".inous efficiency of a n amblyopi c eye 

is s l i gt tly de pressed f or 1 onger wavelengths. 21 ~~·i th 

tobacco and alcohol w.t l;y apia, the cen trocecal sco toma for 

a red stimulus is exagerated . 22 It may be c ome so lar ge 

that it breaks througL into tl:e peri pheral f ield and so 

broad verti cally t hat it may simu l ate a biteTporal hemi-
. l anopsla.-

Pati ent s with early diabe t ic r~ Linopa thy with out any 

other c ongenital anomalies may show a c olor field loss. 

Both eyes would have si~ ilar le s ions al t h ough non-s pecific. 

In a proxima t ely 45 perce nt of t~e cases there will be a 

red depression . TherE c~uld be some decreas e of t he green 

of blue sensitivity . 23 

Some field chages 'Joy al s o be manifest with early 

Gl aucoma , although ~ta i or:e 8 found no selective i mpairment. 

As early as the diagnosis may be ocular hy pertensi on a 

def ec t may be picked U) with a blue or yell ow l'ght. 24 

With an acute a ttack wi t b or wi thout opt i c atro;_)hy a blue 

def~ct i s i 1l icited . 25 A s i mi lar de fe c t may be picked up 

with open angl e gl auc or.~ a . 24 Why a r e t he defec ts s o se ns-

i tive t o blue? Damaged r od f unc ti on in glaucoma affects 

the bl ue sensi t i vi t y . This helps access differe nce between 

t~e eyes. 26 The paractntral sc otoma s als o have a greater 



retrograde d egene~at i on ;f t he blue cell compl exes.27 

In summa~y, colo~ pe~imetry can be useful . Standard­

ization of technique , .11 ong with physi cal ana psychophys­

i cal c onditions must be ·1ade. Fo~ a given instrume nt, many 

norr.al s sh ould be run t o standardize what the normal isopter$ 

are f Jr the i nstrument Enli technique. The se may not c onform 

to t t e experimental ave r: a Les f ou nd in Earri ngt on.l Those 

nu11b ers a~e not publish ,;d here because they are unimpor t-

an t when comparing t o an individual instrument and technique. 

Color fie ld s can aid diaf!nosis and p-r ogr ession of a number 

of ocular condi t ions to :i nc lude macular disEases, ne rve and 

brain lesions, color abn: r malities, drug t oxicity, glauc oma 

and a h cst of others not mentioned. It seems color perim­

etry has the mos t to offer in early di agnos i s and pr ogressio:1 

of macular di sea s es, drug t ox ic i ty and g1 aucoma . Color 

peri~etry can be rr.ore stnsitive t ha n combining achromatic 

sta tic peri!!'letry, visual acuity and c clor vision testing.l4 
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