
Age-related macular de gen er a tion (ARMD) is one 
of the lead ing cause of blind ness in de vel oped

coun tries, and is get ting more and more im por tant as
the ra tio of aged peo ple in the gen eral pop u la tion is
grow ing.1-11 In the treat ment of ARMD, quan ti ta tive
func tional as sess ment of the vi sual field de fect caused
by ARMD is crit i cal. Con ven tional au to mated perimetry 

and scan ning la ser oph thal mo scope fundus perimetry
are cur rently used for func tional as sess ment be fore
and af ter treat ment.12-16  How ever, there are sev eral
dis ad van tages that limit their wide spread and rou tine
use. The dis ad van tages in clude time-consuming pro -
ce dures, high cost of equip ment, com plex set-up and
op er a tion, pa tient fa tigue and lack of trans port abil ity.
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Back ground. The role of fre quency dou bling tech nol ogy perimetry (FDT) 
in glau coma has been prom is ing in terms of speed and sim plic ity as well
as in its high sen si tiv ity and spec i fic ity com pared to con ven tional au to -
matic perimetry. In this study, we in ves ti gated the pos si ble role of FDT in
exudative type age-related macular de gen er a tion (ARMD).
Methods. FDT us ing full-threshold C-20 mode was per formed in pa tients
with ARMD. The macula was clas si fied into 3 zones by the dis tance from
the fovea cen ter (zone I: cen tral 1°, zone II: cen tral 3° ex cept zone I, zone
III: cen tral 5° ex cept zones I & II). The le sion was scored into 3 ranks by
the area ra tio of in volve ment in each zone. The ret i nal scores, vi sual acu ity 
and dis ease du ra tion were com pared with the FDT scores of the cen tral
tar get, which was graded into 5 ranks ac cord ing to the prob a bil ity level of
ab nor mal points on to tal de vi a tion plots us ing Spearsman’s rank cor re la -
tion method.
Re sults. Mea sure ments from 32 eyes (30 pa tients) with exudative ARMD
were col lected. The FDT scores of the cen tral tar get cor re lated sig nif i -
cantly with the le sion scores in zone III (p = 0.033), but not with the le sion
scores in cen tral 3° (zone I: p = 0.383, zone II: p = 0.077). Vi sual acu ity
was weakly cor re lated with the FDT scores of the cen tral tar get (p =
0.022), and the le sion scores in zone III (p = 0.038), but strongly cor re lated 
with the le sion scores in zone I and zone II (p < 0.001). The FDT scores of
the cen tral tar get were within nor mal limit in 20 eyes.
Con clu sions. Our re sults sug gest that FDT us ing full-threshold C-20
mode is not sen si tive enough for the de tec tion of small macular le sions in
ARMD. There fore, it might not be a use ful func tional eval u a tion in
ARMD. Fur ther mod i fi ca tion of the cen tral tar get of FDT is nec es sary to
de tect small macular le sions in ARMD.
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Fre quency dou bling tech nol ogy perimetry (FDT) is
based upon a unique and in no va tive ad vance in vi -
sual field stim u lus tech nol ogy called Fre quency
Dou bling.17-23 It is out stand ing in speed and sim plic -
ity, which makes perimetry less in tim i dat ing for pa -
tients. Re ports had shown that it can de tect glau co -
ma tous vi sual field loss with high sen si tiv ity and
spec i fic ity com pared to con ven tional au to mated
perimetry.24,25 Its po ten tial in quan ti fy ing patho logic
change looks quite prom is ing as well.26,27 Will it be
help ful in the field of ARMD in which vi sual filed
de fect is also re garded as an im por tant pathognomic
sign? In our pre vi ous study, which scored the fundus
ac cord ing to the area ra tio of le sion alone, we con -
cluded the FDT might be a use ful and sim ple tech -
nique for func tional eval u a tion in rhegmatogenous
ret i nal de tach ment, but had lim ited value in
ARMD.28 The pur pose of this study was to
re-evaluate the role of FDT in exudative type
ARMD, which is the tar get of treat ment in ARMD,
with a dif fer ent scor ing sys tem ac cord ing to the dis -
tance from the fovea cen ter. Other pos si ble re lat ing
fac tors, in clud ing vi sual acu ity and dis ease du ra tion,
were also an a lyzed.

Methods

FDT us ing full thresh old C-20 mode was per -
formed in pa tients with exudative ARMD, con firmed
by fundus fluorescein angiogram. Those who had sig -
nif i cant cat a ract which was ex pected to in ter fere with
the vi sual field (nuclerosclerosis: ++ or more, pos te -
rior subcapsular opac ity: prom i nent, 2 mm in di am e -
ter or more, par tial, 4 mm in di am e ter or more), his -
tory of glau coma, di a be tes and other oc u lar dis eases,
were ex cluded. All pa tients re ceived de tailed ophthal -
mological ex am i na tion, in clud ing vi sual acu ity, slit
lamp biomicroscopy, intraocular pres sure, in di rect
ophthalmoscopy, con tact lens biomicroscopy, and
fundus fluorescein angiogram.

The FDT per im e ter was a pro to type of Welch
Allyn (Skaneateles, NY)/Humphrey Sys tems FDT
per im e ter (Humphrey Sys tems, Dub lin, CA;
FDP/Vfver: 2.60/1.00). Pa tients tested with the

FDT per im e ter (full-threshold test C-20 mode)
were pre sented with 16 tar gets ar ranged in a 4-by-4
grid, plus 1 tar get in the macula. Each pe riph eral
square is 10 de grees × 10 de grees, and the cen tral
stim u lus is a 5-degree cir cle. The FDT for thresh old
test is per formed by de ter min ing the con trast
thresh old for each of the tar get lo ca tions in the dis -
play. A 0.25 cyc/deg si nu soi dal grat ing un der go ing
25 Hz counterphase flicker (con trast re ver sal of
light and dark bars, 50 times/sec) was gen er ated on
the mon i tor for all stim uli, ex cept for the cen tral 10°
pat tern, which used a 0.5 cyc/deg si nu soi dal grat ing 
with 25 Hz counterphase flicker. The vi sual field in -
di ces mean de vi a tion and pat tern stan dard de vi a -
tion, and their sig nif i cance, are in cluded along with
a raw data plot in deci bels. Other re li abil ity data,
such as fix a tion er rors, false positives and neg a -
tives, are also pro vided. Ac cord ing to the cor re la -
tion of the ret i nal top o graphic con struc tion and the
to tal de vi a tion plots in FDT, the macula was clas si -
fied by the dis tance from the fovea cen ter (Fig. 1).
Zone I rep re sented cen tral 1°, zone II rep re sented
cen tral 3° ex cept zone I, and zone III rep re sented
cen tral 5° ex cept zone I & II. The le sion on
fluorescein angiogram was scored into 3 ranks by
the area ra tio of in volve ment in each zone (1: free of 
le sion, 2: less than half, 3: more than half). As the
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Fig. 1. Cor re la tion of the ret i nal top o graphic con struc tion
and the to tal de vi a tion plots in fre quency dou bling
tech nol ogy perimetry.



thresh old level on FDT pres ents as deci bels (dB),
but not ac tu ally the dif fer ence in the age-matched
groups, prob a bil ity is more re li able data to com pare
be tween dif fer ent in di vid u als. Our pre vi ous ex pe ri -
ence showed that a prob a bil ity be tween 2% and 5%
could be nor mal vari a tion in an aged group. 29 We
graded the FDT scores of the cen tral tar get into five
ranks ac cord ing to the prob a bil ity level of ab nor mal 
points on to tal de vi a tion plots in FDT full thresh old
C-20 mode (1: > 2%, 2: < 2%, 3: < 1%, 4: < 0.5%, 5:
max). The vi sual acu ity was scored into 4 ranks
(rank 1 ≥ 6/12, 6/12 > rank 2 ≥ 6/20, 6/20 > rank 3 ≥
6/60, rank 4 < 6/60). The ret i nal scores, vi sual acu -
ity and dis ease du ra tion were com pared with the
FDT scores of the cen tral tar get us ing Spearsman’s
rank cor re la tion method.

Re sults

Mea sure ments from 32 eyes (30 pa tients) with
exudative ARMD were col lected., in clud ing 27 men
and 3 women. The 30 pa tients had a mean (± SD) age
of 70.83 ± 7.69 years, with a range from 50 to 85
years. The di ag no sis was made by fluorescein
angiography. The ini tial vi sual acu ity ranged from
1/200 to 20/20. The dis ease du ra tion was el i gi ble in 30 
eyes (1-108 months). The FDT scores of the cen tral
tar get cor re lated sig nif i cantly with the pres ence of
macular le sions in zone III (r = 0.329, p = 0.033), but
not with the pres ence of le sions in cen tral 3° (zone I, r
= 0.055, p = 0.383; zone II, r = 0.259, p = 0.077) (Fig. 2). 
Vi sual acu ity weakly cor re lated with the FDT scores
of the cen tral tar get (r = 0.360, p = 0.022), and the le -
sion scores in zone III (r = 0.319, p = 0.038), but
strongly cor re lated with the le sion scores in zone I and 
zone II (p < 0.001) (Fig. 3).

No sig nif i cant cor re la tion was found be tween dis -
ease du ra tion and cen tral vi sual field de fect on FDT (r
= -0.060, p = 0.376), yet cor re la tion ex isted be tween
dis ease du ra tion and best cor rected vi sual acu ity (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 -
am ple, Case 8, he had a small cen tral macular le sion in 
his right eye, whose le sion score was zone I:3, zone

II:2, zone III:1, yet there was no ab nor mal point on
FDT in spite of 6/60 vi sion (Fig. 4).
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Fig. 2. Cor re la tion be tween FDT score on cen tral tar get
(CTP) and the score of macular le sion in dif fer ent
zones. A. zone I, p = 0.383; B. zone II, p = 0.077; C.
zone III, p = 0.033. The FDT scores of the cen tral
tar get cor re lated sig nif i cantly with the pres ence of
le sions in zone III, but not with the pres ence of le -
sions in cen tral 3°. Fig. 2A shows that al though
zone I was in volved over 50%, the CTP scores were
still nor mal in over two-thirds of the eyes.



Dis cus sion

With its rapid test ing speed and con ve nience of
use, FDT scores high on its “crea ture com forts”.17-23

More over, it showed high sen si tiv ity and high spec i -

fic ity in pa tients with glau coma.24-27 It will be great if
it can be used as a func tional eval u a tion tool in
ARMD pa tients, who usu ally be have worse dur ing
con ven tional au to mated perimetry.

In our pre vi ous study, vi sual field de fect cor re -
lated strongly with the ex tent of ret i nal in volve ment in 
pa tients with rhegmatogenous ret i nal de tach ment, but
was lim ited in pa tients with ARMD.28 Our spec u la tion 
was that the scor ing sys tem ac cord ing to the area ra tio
of in volve ment in whole macula alone did not fully re -
flect the in ten sity of macular dis ease. Other fac tors,
such as dis tance from the fovea cen ter, dis ease du ra -
tion, and type of ARMD might be re lated to the vi sual
field change as well. As exudative type ARMD is the
main cause of sig nif i cant vi sual loss and is the tar get
of treat ment in ARMD, we ex cluded the dry type
ARMD in this study and tried to use a dif fer ent scor -
ing sys tem ac cord ing to the dis tance from the fovea
cen ter and an a lyze other pos si ble fac tors. The idea of
our scor ing sys tem came from the fact that the dis tri -
bu tion of photoreceptors var ies in a con cen tric pat tern
away from the fovea. With this new scor ing sys tem,
the cen tral vi sual field de fect cor re lated sig nif i cantly
with the le sion scores in zone III, but not with the le -
sion scores in cen tral 3° (zone I and II). The re sults
sug gested that FDT us ing full-threshold C-20 mode is
not sen si tive enough for the de tec tion of small
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Fig. 3. Cor re la tion be tween vi sual acu ity (VA) and the le -
sion scores in dif fer ent zones. A. zone I, p < 0.001;
B. zone II, p < 0.001; C. zone III, p = 0.038. The vi -
sual acu ity cor re lated strongly with the scores of le -
sions in cen tral 3°, but not so in zone III.

Fig. 4. A 70-year-old man had a small cen tral macular le -
sion with vi sual acu ity of 6/60 in his right eye. The
le sion score was zone I:3, zone II:2, zone III:1. Nev -
er the less, there was no ab nor mal point on the to tal
de vi a tion plots in FDT in spite of the poor vi sion
and cen tral scotoma on the Amsler grid chart.



macular le sions (within cen tral 3°) in pa tients with
ARMD. As the FDT full-threshold C-20 mode pres -
ents with 16 tar gets, ar ranged in a 4-by-4 grid, plus 1
tar get in the macula. The tar gets cor re spond to the ret -
ina within 20 de gree of vi sual an gle, in clud ing the
whole pos te rior pole and lim ited na sal ret ina. The
macular area was eval u ated by 1 tar get only, which
con sisted of the cen tral 5-degree ra dius. This might
ex plain why cen tral vi sual field in FDT full-threshold
C-20 mode would n’t be ab nor mal un less the le sion
was large enough to in volve up to zone III to be de -
tected. The vi sual acu ity cor re lated sig nif i cantly with
the le sion scores in zone I, II and III, es pe cially zone I
and zone II. As we know, cen tral 3° vi sual an gle is de -
ter mi nant for cen tral vi sual acu ity, and exudative type
ARMD has the ten dency to grow into the fovea cen ter. 
It is quite nat u ral that vi sual acu ity cor re late strongly
with zone I and II (cen tral 3° vi sual an gle). The fact
that the cen tral vi sual field de fect in FDT
full-threshold C-20 mode cor re lated with le sions in
zone III only, which was less cor re lated with vi sual
acu ity fur ther sup port that FDT full-threshold C-20
mode is not sen si tive enough to de tect small le sions in
ARMD, and there fore might not be a use ful func tional 
eval u a tion in ARMD, even un der this scor ing sys tem.
Fur ther mod i fi ca tion of the cen tral tar get of FDT is
needed to de tect small macular le sions in ARMD.
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