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Table 1. Patient characteristics and MD*, PSD*, CPSD' in normal (N), glaucoma suspect (GS), glaucoma (G) group (N=160)

Normal Glaucoma suspect Glaucoma P value Post Hoc

Number (eye) 65 58 37

Gender (Male/Female) 32/33 36/22 25/12

Age (year+SD) 38.75+13.80 44.51+14.73 46.97+17.04 0.017 N < GS 0.113
N <G 0.104
GS <G 0.021

MD (dB+SD) -2.03+1.72 -2.33£1.72 -7.85£5.60 <0.001 N < GS 0.864
N <G <0.001
GS <G <0.001

PSD (dB£SD) 1.91+1.27 2.06+0.51 6.65+3.67 <0.001 N < GS 0.907
N < G <0.001
GS <G <0.001

CPSD (dB+SD) 1.10+1.32 1.2240.69 6.31+3.91 <0.001 N < GS 0.941
N <G <0.001
GS <G <0.001

MD’: mean deviation.
PSD’ : pattern standard deviation.

CPSD' : corrected pattern standard deviation.

Statistical significance was tested by analysis of varience (ANOVA), and post Hoc test was done by Scheffe method.

oAM= 1.22£0.69db, ZWFrdlA= 6.31+3.91db
©2 o]} MD, PSD, CPSD ®% %4 223, =
W, 18la S oS SUZT Atololle
o gk xfol7} ANARE, B S oSt Alelo
< FY3 Zo|7F #FEEH A At (Table 1).

TSk A AALRE S FARFEER (Vertical
cup/disc ratio), F¥73R=4](Horizontal cup/disc
ratio) ¥ OCTY 7 A&, & VIRW, HIRA,
CDVR, Iavg, Average thickness®} FDP MD,
PSDe #H#S #AHEA(ANOVA) 2 ARAA
(Scheffe)= &3l Plustae o SWE oS3 =
WAL Atele] VIRW, SR g5 ST Aol
o] HAME HAIZ =43 CDHRS A9s ywA =
< HaoA 7 Aboldl fYgk Zolg Bt
(Table 2).

HA AT SuUl o] vlae A HAF A
S 1, HAAF 248 02 39S 9 ROC curve off 4
A& F#3Pd(Fig. 1), FDP A% % PSD7} 0.745

% 0 75.90%, E°l= : 63.10%: cutoff 3.17)
2 7P #ddo] w9kar, 11 9] SAPY A xE9 %
g2 old gl HojA= S AT Table 3).
U232 Pearson chi-square testel <2J3}4
FDPe Z+ A&, & GHT, MD 1%, MD 5%, MD
by Anderson criteria, PSD 1%, PSD 5%, PSD
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by Anderson criteria 52 8-S BlwstY S o
PSD Anderson criteria®l 93 FDPE 73
< w Hit ratio 0.732, chi-square 26.166
(p<0.001), 917 %= 70.69%, E°lx= 75.38%= 7}
833, 222 PSD cutoff 3.17dbg 7128
3F9S w7} Hit ratio 69.11%, chi-square 18.799
(p=0.001), 9= 75.86%, E°l= 63.08%% 1
4301, oz PSD 5%% 7|FoZ 36S o
Hit ratio 0.683, chi-square 16.122 (p<0.001),
U7% 62.07%, E°1% 73.85%% FHE o|dH. 1
®] GHTY MD 1%, MD 5%, MD by Anderson
criterias PSD A B E0| nlste] BHzo] HojH)
(Table 5).

737) ol ofste] At S o FkS ¢
U QEE OE S o2 S Bl A

. A F48E 02 39S o ROC curve
T (Fig. 2), SAP9 A% 5 PSD7}
T 1 91.40%, 5ol 1 92.70%) 2.2 7}

o =

o
H
g:g
fd
i
dlo

S , o2 CPSD7F 0.959 (V7=
94.30%, E°l= : 90.20%)% HE o|dx, o]
OCT A% % IavgZ} 0.876 (V%= : 88.60%, &l
T 74.80%), 222 FDP PSD7} 0.863 (717
T 88.60%, ol : 65.90%)0% =& HHEYHS
HAH(Table 4).



— ottt ol Xl M 48 & M 8 = 20074 —

ROC Curve

Source of the
Curve
—— WD (FDP)
—— PSD (FDP)
MD (SAP)
—— P3SD (SAP)
CPSD (SAP)
Reference Line

Sensitivity

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 — Specificity
Diagonal segments are produced by ties.
Figure 1. ROC (receiver operator characteristic) curve of the
discriminant formula. (Between glaucoma suspect and normal)

592 Pearson chi-square testel <Js}d
FDPY 7} A%, & GHT, MD 1%, MD 5%, MD
by Anderson criteria, PSD 1%, PSD 5%, PSD
by Anderson criteria®] FEHS HWSIPS o
PSD 1% 7124 Hit ratio 0.813, chi-square
47.932 (p€0.001), 9% 78.38%, E°|x 82.11%
02 71 f8391, vSoE MD 1% 7|54 Hit
ratio 0.781, chi-square 39.809 (p<0.001), W%+
= 78.38%, 5°]=78.05%% =32, PSD cutoff
3.78db 7|FelA Hit ratio 0.713, chi-square
34.606 (p<0.001), ¥17= 89.19%, E°l= 65.85%
2 =2 3dEs ®yg(Table 6).
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1 — Specificity
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Figure 2. ROC (receiver operator characteristic) curve of the
discriminant formula. (Between ‘glaucoma’ and ‘or not’)

B ZHe] 27| Hdd f-&sttkal R, oo
O3t e Ar}t o] FEojF o)

3 7154 2Hog2E FDP 2 Short wavelength
automated perimetry (SWAP) o] 27] gl £
St LA Ak’ WA ANFBAEY 15%E
2R 3= A EAE (magnocellular pathway: My
cell) o] 55 Hlu|7gado] o) Mexo=z 4
& F et ol My cello] @& 37 RIx(low
spatial frequency)2} 3= A7t B (high temporal
frequency)®] Ao Wsly] mEolt T My
cell2 Z2-M X7 Z (parvocellular pathway)E ©]
F= A Hls| Z7)7F 33, EEA EEIER
Ao A77F Al HAA EEse A2AEEZ
o Hlal ¢kt 5o Ao B owlaiet P wk A
A z24=ol] WES-3l= koniocellular pathway <A
Z NAAAZ o]FoiH, =EA EXIEZ A% 5
o oaf 27l &4HET dEA o] SWAPIA
o]-g-Ht}.

FDP= SAPe| vlste] A7k AAA = fastal,
Foizt viwA 7hEst | &3 Z7)v 248 o)l H
WA ol wkz] k31 AR ThsEte] Sulade] 27) X
& EFEA QPFHOE Aol FUtE I T

Bayer and Erb’& %7] SAPo|A] Alof 2&S
RE 5SS ZSE AFS A7 FDP7F SAP H]
g 1271€ollA 24719 A Alof AES dSgitia
B3l om Medeiros et al’2 %7] SAPL A4
278 RY" A FDP7F s S aolA
SAP9] Alop AES 58 & gitkal B3t

olxd U 2% (pre—perimetric glaucoma)<
Adst=d 783 FDPS AA|l 43 A A8
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Table 2. Comparison of mean value between normal (N), glaucoma suspect (GS) and glaucomata (G) group using FDP’, oct’
ONH' & RNFL' analysis and ophthalmoscopic exam

Normal Glaucoma suspect Glaucoma P value Post Hoc
OCT ONH VIRW 0.27+0.21 0.16+0.07 0.11£0.07 <0.001 N < GS <0.001
analysis N <G <0.001
GS < G 0.322
HIRA" 1.5940.27 1.41+0.26 1.22+0.23 <0.001 N < GS 0.001
NG <0.001
GS < G 0.002
C/D 0.62+0.10 0.70+0.09 0.76+0.11 <0.001 N < GS <0.001
vert.ratio NG <0.001
GS < G 0.026
OCT RNFL lavg 138.98+19.36 122.454+21.44 90.14+29.20 <0.001 N < GS 0.005
analysis N <G <0.001
GS < G <0.001
Average 101.13+12.11 93.64+12.69 74.71£19.07 <0.001 N < GS 0.016
NG <0.001
GS < G <0.001
FDP MD" -3.74+3.73 -6.09+5.39 -12.43£5.61 <0.001 N < GS 0.030
NG <0.001
GS < G <0.001
pSD" " 3.1840.86 4.04+1.16 5.95:2.10 <0.001 N < GS 0.002
NG <0.001
GS < G <0.001
Opthalmo C/D 0.47+0.15 0.62+0.13 0.70+0.14 <0.001 N < GS <0.001
exam hoz.ratio NG <0.001
GS <G 0.104
C/D 0.47+0.14 0.62+0.11 0.72+0.13 <0.001 N < GS <0.001
vert.ratio NG <0.001
GS < G 0.001

FDP": frequency doubling technology perimeter. ocT': optical coherence tomography.
ONH' : optic nerve head.

VIRW " : vertical integrated rim volume (mm”), HIRA * : horizontal integrated rim area (mm”).

k% . .
MD : mean deviation.

RNFL': retinal nerve fiber layer.

PSD' " pattern standard deviation.

Statistical significance was tested by analysis of varience (ANOVA), and post Hoc test was done by Scheffe method.

S = 7} %A (false positive)o] AA %A (true
20 Z Holxy o)& =

positive) Bt} IR @&
gl AA Q19 1% ¥ AHAstaL
P webd o9 e FDPe
(Specificity) S FE3&}7] st FDP
79 FDPE Al=s] H

sh= W, o9 =+

1/1—0

271 o]
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Table 3. Area under the receiver operating characteristic curve (AUC), sensitivity, specificity by each parameters between

glaucoma suspect and normal group

AUC Sensitivity (%) Specificity (%) Cutoff value
oCT” ONH' analysis VIRW? 0.727 75.90 63.10 0.205
HIRA' 0.675 67.20 52.30 1.545
CDVR" 0.714 74.10 63.10 0.648
OCT RNFL® analysis lavg 0.700 67.20 40.00 134.500
Avg thick 0.680 67.20 40.00 99.320
FDP” mMD"" 0.620 67.20 49.20 -3.450
psD* ¥ 0.745 75.90 63.10 3.170
SAPY MD 0.556 62.10 50.80 -2.160
PSD 0.660 74.10 53.80 1.730
cpsp"” 0.600 56.90 60.00 1.190
OCT optical coherence tomography. ONH'": optic nerve head.
VIRW' : vertical integrated rim volume. HIRA' : horizontal integrated rim area.
CDVR": cup/disc vertical ratio. RNFL” : retinal nerve fiber layer.

FDP™ frequency doubling technology perimeter. MD'": mean deviation.
psD*

cPSD"" : corrected pattern standard deviation.

: pattern standard deviation. SAPY : standard automated perimetry.

Table 4. Area under the receiver operating characteristic curve (AUC), sensitivity, specificity by each parameters between
‘glaucoma’ and ‘or not’

AUC Sensitivity (%) Specificity (%) Cutoff value
oCT” ONH' analysis VIRW 0.761 71.40 71.50 0.139
HIRA® 0.790 71.40 76.40 1.335
CDVR" 0.765 77.10 65.00 0.699
OCT RNFL® analysis lavg 0.876 88.60 74.80 118.500
Avg thick 0.832 85.70 58.50 95.780
FDP” MD" ' 0.855 91.40 66.70 -5.540
psD* ¥ 0.863 88.60 65.90 3.775
SAPY MD 0.849 74.30 83.70 -3.665
PSD 0.971 91.40 92.70 2.920
cpsp! 0.959 94.30 90.20 1.940
OCT": optical coherence tomography. ONH': optic nerve head.
VIRW? : vertical integrated rim volume. HIRA': horizontal integrated rim area.
CDVR": cup/disc vertical ratio. RNFL® : retinal nerve fiber layer.

FDP™": frequency doubling technology perimeter. MD'": mean deviation.

psD ¥ pattern standard deviation. SAPY : standard automated perimetry.

cPSD"": corrected pattern standard deviation.

FDPE ¥ oz 4, H&sh=d, o8 7+ 30-29] 7|5, & GHT, MD, PSD ¥ Anderson
o] AA=E A=, 2 Fo= Humphrey Matrix criteria o] k.2
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FDP, SAPE AAshm 7 w8 gopn
FDP] PSD7} AUC 0.74
75.90%, B°l% : 63.10%) % F& 74
olol ®lske] SAPS] PSD, CPSDel ©|3 33

(Table 3),

. FDPZ 0/ 88

At} o= U 95 (Pre-perimetric glaucoma)

o1 89 311, FDPe) PSD A7} 24 4444
F e ong,
T%t FDPS] 7 AES £ ofF G Bolol 3

E
o) =g o 5e A1 2 BEY 5

e

O}HO}Q ) (Table 5), PSDE Anderson criteria

1= ml

i
o
A

|

o T

o

= B3l

23] 273 w) Hit ratio 0.731= vl

O O 25
TT‘I‘?}

© =2 PSD cutoff value 3.17dbE 7|E2 =2
o) #E#Eo] Hit ratio 0.6918 E¢ton 1

o2 PSD 5% vk 1 ¢ MD 5%, MD 1%,

MD by Anderson criteria, GHT®l &3}

3l e

=2 v

o] Bt} goith o= FDPE YAHoZ d14, 2850
Ao}, g2 71FEH T} PSDY| Anderson criteria
£ A&ds W SUF 9F(Pre-perimetric
glaucoma)E Fdsl=d 7 F83S ovisit
Brusini et al*® FDP C-20, N-302.2 glaucoma
screening & A5t Holx 17] o]l p(5% <l
Aol EAE o S Adsled Y =2 wEdy
S HAokn s9oH, Paolos et al®e Matrix
30-2 testd] tiste] PSD 5% uwjwtd w, GHTO]
outside normal ¥ @, =& PDP mapdlA P
value 5% ©l3ste] Aeo] 27) o] 03%0} U= W 3
A 71E T Ho® gHA] ool & WE FDP H
AArolgta Aol syt E dAe ]g}s]. weks o]
o] Anderson criteriadl ¢3le FDP-PSDE &+
o2 A Aok AAL A Y-S Xdshe Bk 7413

2 AASE Aot ey B A7) PSD cutoff
value 3.17db2 328 &= Sy gt 7|& 5 o
T-o AAe] webA] ZPHAY & Sl

Table 5. Comparisons of FDP’ by Pearson chi-square between glaucoma suspect and normal

Hit ratio P value sensitivity (%)  specificity (%) False positive False negative chi-square

GHT' 0.608 <0.001 63.64 58.46 43.55 34.48 5.826
MD' <1% 0.585 <0.001 29.31 84.62 37.04 42.71 3.469
MD<5% 0.610 <0.001 53.45 67.69 40.38 38.03 5.613
MD by ads” 0.634 <0.001 70.69 56.92 40.58 31.48 9.489
PSD' <1% 0.626 <0.001 29.31 9231 22.73 40.59 9.753
PSD<5% 0.683 <0.001 62.07 73.85 32.08 31.43 16.122
PSD by ads” 0.732 <0.001 70.69 75.38 28.07 25.76 26.166
PSD by cutoff (3.17) 0.691 <0.001 75.86 63.08 35.29 25.45 18.799
FDP": frequency doubling technology perimeter. GHT': glaucoma hemifield test.

MD' : mean deviation. PSD: pattern standard deviation.

ads" : Anderson criteria.

Table 6. Comparison of FDP’ by Pearson chi-square between ‘glaucoma’ and ‘or not’

Hit ratio P value Sensitivity (%)  Specificity (%) False positive False negative chi-square

GHT' 0.592 <0.001 94.59 48.33 63.92 333 22.072
MD' <1% 0.781 <0.001 78.38 78.05 48.21 7.69 39.809
MD<5% 0.656 <0.001 91.89 57.72 60.47 4.05 28.166
MD by ads” 0.563 <0.001 97.30 43.70 65.71 1.82 21.402
PSD'<1% 0.813 <0.001 78.38 82.11 43.14 7.34 47.932
PSD<5% 0.650 <0.001 91.89 56.91 60.92 4.11 27.307
PSD by ads'" 0.625 <0.001 91.89 53.66 62.64 435 24.061
PSD by cutoff (3.78) 0.713 <0.001 89.19 65.85 56.00 4.71 34.606
FDP": frequency doubling technology perimeter. GHT' : glaucoma hemifield test.

MD' : mean deviation. pSD" : pattern standard deviation.
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=ABSTRACT=

Interpretation of Frequency Doubling Technology Perimeter in
Diagnosis of Glaucoma and Glaucoma Suspect

Jin A Choi, M.D., Chan Kee Park, M.D.
Department of Ophthalmology, College of Medicine, The Catholic University of Korea, Seoul, Korea

Purpose: To find applicable parameters of the frequency doubling technology perimeter (FDP), which is
known to be useful in detecting early visual field loss.

Methods: The subjects were 65 eyes of normal individuals, 58 eyes of glaucoma suspects, and 37 eyes of
glaucoma patients. FDP (MD, PSD), SAP (MD, PSD, CPSD), and 5 parameters of OCT were analyzed. The
receiver operating characteristic (ROC) curve, sensitivity, and specificity of each parameter were evaluated,
and the comparison of FDP parameters by Pearson's chi-square was made between the glaucoma suspect
group and the normal group. The same comparison was made among the normal+glaucoma suspect and
glaucoma group.

Results: In discriminating between the normal and glaucoma suspect groups, the FDP-PSD revealed an AUC
of 0.745 (cutoff: 3.17dB), which was significantly larger than that of SAP-PSD with an AUC of 0.660 (cutoff:
1.73dB). In comparing FDP, PSD by Anderson criteria was most reliable with a hit ratio of 0.732. On the
other hand, in discriminating among the normal+glaucoma suspect group and glaucoma group, the SAP-PSD
showed an AUC 0.971 (cutoff: 2.92dB), much larger than the FDP-PSD with an AUC of 0.863 (cutoff:
3.78dB). In addition, in comparing the parameters of FDP by Pearson chi-square, PSD 1% was the most
reliable with a hit ratio of 0.813.

Conclusions: FDP is a valuable screening tool in detecting early visual field loss. PSD by Anderson criteria
can be a reliable parameter for the diagnosis of pre-perimetric glaucoma, and PSD 1% can be used in the
discrimination of perimetric glaucoma.
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