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Background. Theroleof frequency dou blingtechnol ogy perimetry (FDT)
in glau comahasbeen promisingintermsof speed and sim plicity aswell
asin its high sensitivity and speci ficity comparedto conventiona auto
matic perimetry. Inthisstudy, weinvesti gated the possi bleroleof FDT in
exudativetypeage-related macular degener ation(ARMD).

Methods. FDT using full-threshold C-20 modewas per formedin patients
with ARMD. Themaculawasclassi fiedinto 3 zones by thedistancefrom
thefoveacenter (zonel: centra 1°, zonell: central 3° ex cept zonel, zone
[11: central 5° ex cept zones| & 11). Thele sion was scored into 3 ranks by
thearearatioof involvementineachzone. Thereti nal scores, vi sual acuity
and dis ease du ration were com pared with the FDT scores of the central
tar get, whichwasgradedinto 5ranksac cordingtotheprobabil ity level of
abnor mal pointsontotal devi ation plotsusing Spearsman’ srank cor rela
tion method.

Results. Measure mentsfrom 32 eyes (30 patients) with exudative ARMD
were collected. The FDT scores of the centra target correlated signifi-
cantly withthelesion scoresin zonelll (p=0.033), but not withthelesion
scoresincentral 3° (zonel: p = 0.383, zone Il: p=0.077). Vi sua acuity
was weakly correlated with the FDT scores of the central target (p =
0.022), andthelesionscoresinzonelll (p=0.038), but strongly cor related
withthelesion scoresinzonel and zonell (p < 0.001). The FDT scores of
thecentral tar get werewithinnor mal limitin 20 eyes.

Conclusions. Our results suggest that FDT using full-threshold C-20
modeisnot sensi tiveenough for thedetection of small macular lesionsin
ARMD. Therefore, it might not be a useful functional evaluation in
ARMD. Further modi fi cation of thecentral tar get of FDT ishecessary to
detect small macular lesionsinARMD.

[Chin Med J (Taipei) 2002; 65: 435-440]

ge-related macular degener ation(ARMD) isone

of thelead ing cause of blind nessindevel oped
countries, and isget ting more and moreim por tant as
the ratio of aged peo pleinthegeneral populationis
growing." " Inthetreat ment of ARMD, quanti tative
functional assessment of thevi sual field defect caused
by ARMD iscriti cal. Conventiond automatedperimetry

andscan ning laser ophthal mo scopefundusperimetry
arecur rently usedfor functional assessment before
and af tertreatment.***® However, there are several
disad vantagesthat limit their widespread androutine
use. Thedisad vantagesin cludetime-consuming pro-
cedures, high cost of equip ment, com plex set-up and
oper ation, patientfatigueandlack of transport abil ity.
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Frequency dou blingtech nol ogy perimetry (FDT) is
based upon aunique and in no vative ad vancein vi-
sual field stimulus technology called Frequency
Doubling.”* Itisout standingin speed and sim plic-
ity, which makesperimetry lessintimi dat ing for pa
tients. Re ports had shown that it can detect glau co-
matous vi sual fieldlosswith high sensi tiv ity and
specificity compared to conventional automated
perimetry.?*# Itspotential inquanti fy ingpathologic
changelooks quite promising aswell.***” Will it be
help ful inthefield of ARMD inwhich vi sual filed
defectisalsoregarded asanim por tant pathognomic
sign?Inour previ ous study, which scored thefundus
ac cord ing tothe arearatio of le sion alone, we con-
cluded the FDT might be ause ful and sim ple tech-
niquefor functional eval uationinrhegmatogenous
retinal detachment, but had limited value in
ARMD.” The purpose of this study was to
re-evaluate the role of FDT in exudative type
ARMD, which is the tar get of treat mentin ARMD,
withadif fer ent scoring systemac cordingtothedis
tancefromthefoveacenter. Other possi blerelating
factors,includingvi sual acuity and diseaseduration,
werealsoanalyzed.

M ethods

FDT using full threshold C-20 mode was per-
formed in patientswith exudative ARMD, con firmed
by fundus fluorescein angiogram. Those who had sig-
nif i cant cat aract whichwasex pectedtointer ferewith
thevi sual field (nuclerosclerosis: ++ or more, poste-
rior subcapsular opacity: promi nent,2mmindi ame
ter or more, par tial, 4 mmin di am eter or more), his
tory of glaucoma, di abetesand other ocular diseases,
wereex cluded. All patientsreceived detail ed ophthal-
mological exami nation, includingvi sual acuity, slit
lamp biomicroscopy, intraocular pressure, indirect
ophthalmoscopy, contact lens biomicroscopy, and
fundus fluorescein angiogram.

TheFDT perimeter wasaprototypeof Welch
Allyn (Skaneateles, NY)/Humphrey SystemsFDT
perimeter (Humphrey Systems, Dublin, CA;
FDP/Vfver: 2.60/1.00). Patients tested with the
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Fig. 1. Correlationof thereti nal topographicconstruction
andthetotal devi ation plotsinfrequency doubling
technol ogy perimetry.

FDT perimeter (full-threshold test C-20 mode)
werepresented with 16 tar getsar ranged in a4-by-4
grid, plus 1 target in the macula. Each peripheral
squareis10degrees” 10degrees, andthecentral
stimulusisa5-degreecir cle. TheFDT for threshold
test is performed by determining the contrast
thresh old for each of thetar get lo cationsinthedis
play.A 0.25cyc/degsi nusoi dal gratingunder going
25 Hz counterphase flicker (contrast reversal of
light and dark bars, 50 times/sec) was gen er ated on
themoni torforall stimuli, ex cept for thecentral 10°
pat tern, which used a0.5 cyc/deg si nusoi dal grating
with 25 Hz counterphaseflicker. Thevi sual fieldin-
dices mean devi ationandpatternstandarddevi a
tion, andtheir signif i cance, arein cluded alongwith
araw dataplotindeci bels. Other reli abil ity data,
such asfix ationer rors, false positives and neg a
tives, are also provided. Accordingtothecor rela
tionof theret i nal top o graphic constructionandthe
total devi ationplotsin FDT, themaculawasclassi-
fied by the distance from the foveacen ter (Fig. 1).
Zonel represented central 1°, zonell represented
central 3° ex cept zonel, and zonelll rep re sented
central 5° except zone | & Il. The lesion on
fluorescein angiogram was scored into 3 ranks by
thearearatio of involvement in each zone (1: free of
lesion, 2: lessthan half, 3: more than half). Asthe
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thresholdlevel on FDT presentsasdeci bels(dB),
but not actu ally the dif fer enceinthe age-matched
groups, probabil ity ismorereli abledatatocompare
betweendif ferentindividuals. Our previ ousex perk
ence showed that aprob abil ity between 2% and 5%
could be nor mal vari ationin an aged group.? We
graded the FDT scoresof thecentral tar getintofive
ranksaccordingtotheprobabil ity level of abnor mal
pointsontotal devi ationplotsin FDT full threshold
C-20 mode (1: > 2%, 2: < 2%, 3: < 1%, 4: < 0.5%, 5:

max). The visual acuity was scored into 4 ranks
(rank 13 6/12, 6/12 > rank 23 6/20, 6/20 > rank 33

6/60, rank 4 < 6/60). Theret i nal scores, vi sual acu-
ity and diseasedurationwerecom pared withthe
FDT scoresof thecentral tar get using Spearsman’ s
rank cor relationmethod.

Results

Measurements from 32 eyes (30 patients) with
exudative ARMD werecol lected., including 27 men
and 3 women. The 30 patientshad amean (£ SD) age
of 70.83 £ 7.69 years, with a range from 50 to 85
years. The diagnosis was made by fluorescein
angiography. The initial vi sual acuity ranged from
1/200t020/20. Thediseasedurationwasd i gi blein30
eyes (1-108 months). The FDT scores of the cen tral
target correlated significantly with the presence of
macular lesionsin zonelll (r = 0.329, p = 0.033), but
not withthe presenceof lesionsincentral 3° (zonel, r
=0.055, p=0.383; zonell,r =0.259, p=0.077) (Fig. 2).
Vi sua acuity weakly cor related withthe FDT scores
of thecentrd tar get (r = 0.360, p = 0.022), and the le-
sion scores in zone 111 (r = 0.319, p = 0.038), but
strongly cor related with thelesion scoresinzonel and
zonell (p<0.001) (Fig. 3).

Nosignifi cant correlationwasfoundbetweendis
easedurationand central vi sua fielddefecton FDT (r
=-0.060, p=0.376), yet cor relation ex isted between
disease durationand best cor rectedvi sual acuity (r =
-0.472, p = 0.004). The FDT scores of the cen tral tar-
get were within nor mal limit in 20 eyes. Take for ex-
ample, Case8, hehadasmall central macular lesionin
hisright eye, whose le sion score was zone |:3, zone
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Fig. 2. CorrelationbetweenFDT scoreoncentral tar get
(CTP) and the score of macular lesionin dif fer ent
zones. A. zonel,p =0.383; B. zonell, p=0.077; C.
zonelll, p=0.033. The FDT scores of the cen tral
tar get cor related signif i cantly withthepresenceof
lesionsin zone 11, but not with the pres ence of le-
sionsin central 3°. Fig. 2A shows that although
zonel wasinvolved over 50%, the CTP scoreswere
still nor mal in over two-thirds of the eyes.

[1:2, zonell1:1, yet there was no ab nor mal point on
FDT in spiteof 6/60 vi sion (Fig. 4).
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Fig. 3. Correlationbetweenvi sual acuity (VA) andthele
sion scoresin dif fer ent zones. A. zonel, p < 0.001,
B. zonell, p< 0.001; C. zonelll, p=0.038. Thevi-
sual acuity cor related strongly with the scoresof le-
sionsincentral 3°, but not soin zonelll.

Discussion

Withitsrapid test ing speed and con ve nience of
use, FDT scoreshigh onits*“creature comforts’. 12
Moreover, it showed high sensitivity and high speci-
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Fig. 4. A 70-year-old man had asmall cen tral macular le-
sion with vi sual acu ity of 6/60in hisright eye. The
lesionscorewaszonel:3, zonell:2, zonelll:1. New
er theless, therewasno ab nor mal point onthetotal
devi ationplotsin FDT in spite of the poor vi sion
and cen tral scotomaon the Amsler grid chart.

ficity inpatientswith glaucoma.?+?” It will be great if
it can be used as a functional evaluation tool in
ARMD patients, who usu ally be haveworsedur ing
conventional automatedperimetry.

In our previ ousstudy, vi sual field defect cor re
lated strongly withtheex tent of reti nal involvementin
patientswithrhegmatogenousreti nal detachment, but
waslimitedin patientswith ARMD.% Our speculation
wasthat thescor ing systemac cordingtothearearatio
of involvementinwholemaculaaonedidnot fully re-
flect theinten sity of macular disease. Other factors,
such as distancefromthefoveacenter, diseasedura
tion, and type of ARMD might berelated to thevi sual
field change aswell. As exudative type ARMD isthe
main causeof sig nif i cant vi sual lossandisthetar get
of treatment in ARMD, we excluded the dry type
ARMD inthis study and tried to use a dif fer ent scor-
ing system ac cordingto thedistancefromthefovea
center and analyzeother poss blefactors. Theideaof
our scor ing system came from the fact that the distri-
butionof photoreceptorsvar iesinaconcentricpat tern
away from the fovea. With this new scoringsystem,
thecentral vi sual fielddefect cor relatedsignif i cantly
with thele sion scoresin zone l11, but not with the le-
sion scoresin centra 3° (zonel and Il). There sults
sug gested that FDT using full-threshold C-20 modeis
not sensitive enough for the detection of small
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macular lesions (within central 3°) in patientswith
ARMD. Asthe FDT full-threshold C-20 mode pres-
entswith 16 tar gets, ar ranged in a4-by-4 grid, plus 1
tar getinthemacula. Thetar getscor respondtotheret
inawithin 20 degreeof vi sual angle,includingthe
whole posterior pole and limited nasal retina. The
macular areawaseval u ated by 1 tar get only, which
con sisted of the central 5-degreeradius. Thismight
ex plainwhy central vi sud fieldin FDT full-threshold
C-20 modewould n’t beab nor mal unlessthelesion
was large enough to in volve up to zone |11 to be de-
tected. Thevi sua acuity correlatedsignif i cantly with
thelesionscoresinzonel, I and 11, especidly zonel

and zonell. Asweknow, central 3° vi sua angleisde
ter mi nant for central vi sual acuity, and exudativetype
ARMD hasthetendency to grow into thefoveacenter.
Itisquitenat ural that vi sual acuity cor relatestrongly
with zone | and Il (cen tral 3° vi sual angle). Thefact
that the central visual field defect in FDT
full-threshold C-20 mode cor related withlesionsin
zone |11 only, which was less cor relatedwithvi sual
acu ity fur ther sup port that FDT full-threshold C-20
modeisnot sensi tiveenoughto detect small lesionsin
ARMD, andtherefore might not beauseful functional
eval uationinARMD, evenunder thisscor ingsystem.

Fur ther modi fi cation of thecentral tar getof FDT is
needed to detect small macular lesonsin ARMD.
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