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Importance of Visual Field Testing

O Visual field test: &M A|OF EE= FH A[OFLHS| A|MZAQ| 7|5 SHSI=
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Characteristic of VFTS: Efficiency
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Characteristic of VFTS: Accuracy

O Fluctuation factors: learning effect, reliability, pupil size, age, and the mode of
stimulus presentation(stewart & Hunt,1993) — accuracy |

Eye: Right Eye: Right

DOB. 1948-12-28 DOB: 1948-12-28 |
{ i
Central 24-2 Thresho'd Test ! Central 24=2 Threshold Test
Fixation Monitor: Blind Spat Stimulus: 1li, White Pupil Diameter: Date; 2010-09-14 FTRETON RGO, T SpoT SIS, . ST TR CISITETET: :l Date: 2011-04-18 |
Flxation Target: Central Background: 31.5 ASB Visual Acuity: Time: 255 PM Fixation Target: Central Background: 31.5 ASB Visual Acuity: Time: 8:32 AM
Fixation Losses: 1/16 Strategy: SITA-Standard RX:+30005 DOC X Age: 61 Fixation Losses: 0/15 Stralegy: SITA-Standard RAX: +3.0005 DC X Age: 62
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Objective

@) 71E NOE A ] BN —

" Maximum likelihood estimation

(MLE)
{w ZEST: vaniant of QUEST * Full Threshold
i (zippy estimate of sequential testing) - Full Threshaold
i .S.-ZEST (seeded ZEST) H - FastPac™

i -C-ZEST (continued ZEST)
i -REZEST (S +C ZEST)

Mixed search
(SC & MLE)
REBS*
- QUEST* e ciontbinary seare
{quick estimate by sequential testing) (rapid, efficientbinary search)
'« MOBS

{ = SITA
:  (Swedish interactive thresheld algorithm)
- SITA Standard™

. -SITA Stancs .Top Partlal thresh0|d

. : (tendency oriented perimetry)

i (modified binary search)
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Classification of VFTS for Threshold

( 5 5 5 5 5 )
Maximum Likelihood Estimation

\ (MLE) )

P ow ZEST: variant of QUEST ~ = Full Threshold g
(zippy estimate of sequential testing) E - Full Threshold - L :
- S-ZEST (seeded ZEST) wy , - FastPac™ aE
- C-ZEST (continued ZEST) =L

- RE-ZEST (S + C ZEST) §

4 . N\

Mixed Search
L (SC & MLE) )
. *
m QUEST* REBS. . .
) i ) ) (rapid, efficient binary search) -

(quick estimate by sequential testing) )

‘.......é.l.-.l._;& ....................................................... - MOBS g

o _ _ — : (modified binary search) L h

(Swedish interactive threshold algorithm) a LI : C T
_SITA Standard ™ N P o
- SITA Fast™ S = TOP 38

\) - (tendency oriented perimetry)
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MLE: ZEST Procedure (1/2)

O HASHRXF oHe AIES| %78 ZHE W), LES 7HY 7 ot A0) 25
S4(MLE)S AFBBI0| A 280| 71 52 97|09 A|EE 2OjFE e

Initial pdf
_ ;3 Mean
S1. Provide 1st 020+ =12 dB
stimulus as the -
T @i il el vl W ..||I|.il||I|| S4. Terminate by the
0 s termination rule

1) SD(o) of the pdf
e.g., stop when SD < 1dB

MLE functions

‘ Multiply
dB 1 2 3 4 5 6 7 8 9

82 MU|t|p|y Inltlal 991 | 099 099 099 099 099 099 099 099 099

99:3 099 099 099 099 099 099 099 099 075

[13 YES” /H NO” - .

= 99 5 099 099 099 099 099 099 099 083 067
pdf Wlth ma'XImum 997 099 099 099 099 099 099 0875 0.75 0.625

f f A 951 095 095 095 095 095 095 0.95

S2.S3 likelihood function of  —ter—te—tve—te—tu—ror—mse—oe=—

' L T . 955 095 095 095 095 095 095 095 083 067
NO 95 7 095 095 095 095 095 095 0875 0.75 0.625
90_1 09 09 09 09 09 09 09 09 09
9 3 09 09 09 09 09 09 09 09 075

095 0.95

2) # of presentations
e.g., stop after 3 presentations

Rescale | |1SD<1dB
‘ Second pdf 03
S3. Normalize the us [NEW

0.20 mean - 0.15
pdf (SUI:T.] Of ) 015 { = 9 dB 0.10
probabilities in the o | - o
odf = 1) = L ... . =
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MLE: ZEST Procedure (2/2)
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SC: Full Threshold Procedure /2

Q AMES H7|E EHAECEM@4dB L, 2dB 1) HatA|7|H HASH=E HE
v Seed pointOf| A A|ZI5H0] F=H HHo = =FA[F|H HAKe.g., A A|HL| threshold
28 =BAEZEBA[AI-[B~- C~D
v/ Reversal £ A|® 97| Bz} 37|:4dB — 2 dB

Seed (primary) point

Full threshold ] |
4dB (‘:—ZdBI dnzblve 2 c ¢C } CcC C
1‘ crossing 15 g |
SEEING staircase _ B \\B e B B
7] |
: 2dB o g \
lNON SEEFNG4UB % C B A B i B B C
28 Raversal ‘i 3‘CIB BB B B] C|D
= B e e |
Bracketing strategy é 31c B B i B B B cC||D
E’ 91c B n B i B B C
e.9) 15 B B B i B B B
10dB 14 dB 18 dB 16 dB 14 dB ;
-21 4 cC cC | C C
° ‘ ° ‘ ° » ° ‘ ° 21 15 -9 -3 3 9 15 21 27
Eccentricity (degrees)
114 7 114 7 14 ” I14 ” 24'2 rOWth attern
Yes Yes No No J P
Reversal
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SC: Full Threshold Procedure (2/2)

O A|EO| &= Hi7]
v A Al H(seed point): AEE d&Qt B threshold
v B, C,and D A &: HAE Sdlf 28 &l 0| 9 A[#2] threshold

o T
WEDS x | "'| HFAHS o
O Threshold 2 =: reversalO Mot 4%
A MR XX 27| B A|EQ| %| X 87 C A|EO| XX &7
= HEE Moot ™R threshold = A A|®9| threshold =B A| &9 threshold
T I r
21 c clcec 21 1 c cjcc 21 c clcc
i | 4 S R
15 1 Seed (primary) point 157 B B B 15 1 B B B ! B B B
m 1 m | m |
gg‘CBBIBnBC $ °1c B |A] B C $ 9ofc A slle A slec
5§ I g | & I
33‘CIB B/B B B C D E3CIB B | C D T 34¢ B Blle B Bf>C
z R z ] P |
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c | c | € |
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| I 1 | i | 1
21 c cic c -21 A c cic c 21 4 :‘;"é:%%
21 45 9 -3 3 9 15 21 27 21 15 9 -3 3 9 15 21 27 _2:1 _1'5 .9 3 3 9 {5 2'1 2'7
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Mixed: QUEST Procedure

O Staircase?t MLE 282 SA|0f| At g
v' Threshold EHM EHA|: SC B O bracketing strategy AFE
v Threshold 278 THA: MLES| ZEST &1t SC2| Full threshold & #2| 2 U &
TN SZA7|= dS ALE
ool . Mean
S1. Initial FT estimate 025 =23dB
Starting stimulus: mean < o
sensitivity of 541 normal patient e il
S2. 4dB staircase estimate ™ Full threshold
Begins with 4dB luminance 448 (4-2dB) double
change, until the first response ‘l‘ crossing
reversal (seen to not-seen or vice ~— it ——
versa) 1 NON-SEEING 208
4dB
s 208
S3. 2dB staircase estimate — Bracketing strategy
S4. Termination > ZEST or Full threshold
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BS: MOBS Procedure

O BS: TH Al& 87| BRI0IM St 517(2] A|&E MAISrLL T HArALS)
SOl et el Sl A& 57| S 071X thresholdE &= & HE
0 MOBS: L AAXZ AEHO 2 AR E 2QIotAL AKX 2 2 A&

2t7] 910 01 R ¥ oIt Y

S1. Provide a stimulus as ‘ ; .
the middle (10 dB) of initial m o | R — | 20
range - : ;‘3"5’5'05 mistake
15dB
B) 0,10 o IS T .
. 2 : |no:
previous end point ¢
) ol;;l P [ fnes 15,20 12.5dB
: |not p " °
If “YES”,“YES”) or (“NO”, “NO), iy i Two“NO
Restore the previous end pOint D} Two "no"s, so check top of low stack—
no .
E) O 25| | 125, 15, 20
added range bes 10 dB
o F) 0,75 125, 15, 20 *
S2. Termination rules ¢nc|
1) Minimum width < 3 dB
2) Number of reversals = 3 i EQ 1912515,20 | -
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Comparison of Performance

A|OFH AL &8 Al Zhat F =g

Aol 2f=2| scales &
v AOFHAL 2QA|ZF |: ZEST

v’ A|OFZ AL error |: MOBS

— A|OFZH AL S/W 72 A| ZEST2F MOBSE benchmarkingsh=

28 AlZH
Maeda et al. 4
(2000)

12
;

)

=
L 08

Trupin et al g

. [}]
(2002) Anderse et al. (2002) £ 06

Trupin et al. o

(2002) Trupinetal. =
(2002) o4
........................................ I
0

ZEST Ful threshold ~ MOBS  SITA-Standard  SITA-Fast REBS
VFTS
E@Zapdsia
MeAAZst} 14

TS0 KAISH A|OFF AL

20| A etE

™ error

Artes et al. (2002)
Wadood et al. (2002)
Klng et al. (2002)

Trupln etal. (2003)

Trupin et al.
(2002)

Trupin et al.
(2002)

L]
SITA-Standard ~ SITA-Fast

VFTS
@,

ZEST Full threshold MOBS REBS
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Comparison of Characteristics

VFTS

ZEST
(MLE)

Full Threshold
(SC)

QUEST
(SC & MLE)

MOBS
(BS)

lllustration

d8 1 2 3 4 5 6 7 8 9
991 099 099 099 099 099 099 099 099 099
993 099 099 099 099 099 099 099 099 075
995 099 099 099 099 099 099 099 083 067
99.7 | 099 099 099 099 099 099 0875 075 0625
951 095 095 095 095 095 095 095 095 095
953 095 095 095 095 095 095 095 095 075
955 095 095 095 095 095 095 095 083 067
957 | 095 095 095 095 095 095 0875 075 0625
91 09 09 09 09 09 09 09 09 09
a3 09 0a 09 09 09 09 09 09 075

Multiply

o,

op0 mm 1 1l I
o 5 10 15 20

Seed (primary) point

214 ccicel
" g8 Bis B B8
§ sicle 8 BB c
é,f e 8 8ils 8 8|c
2 -l-cI 8 8.6 B & c
§ejcie]eis[z]ec
45{ B B B!B B B
21 c clec ¢
2 -1.5 B -.3-5 9 1.‘ 1 2‘7
Eccentricity {degrees)

Full threshold
PP 4200 doutie
1 s
SEEING @ starcase
HON-SEEING 248
! |
2a8

—= Reversal

. o ‘ ‘ls‘
{ai= < |
| e | e £

of

Il mistake
Ly

% 0,70 e
previous end point .y

o o[

0y T e
[ra
L
7] E—TY 128, 15,20
added range ™
Fy 0.7.8 |._..:_;(_ 128,15, 20
<
al 15,20

| 075

Initial
stimulus

Mean of normal and
glaucoma pdf

Mean of normal pdf

Mean of normal pdf

Middle of the initial
range

Dependency
of response

95%

100%

Exploration | 100%

Termination 95%

< 100%

Target
location

Random

Seed point —
outside points

Seed point —
outside points

Random

15
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VFTS: Summary

O CHEE9| A= threshold determinationd] 2FS &1 U
O 7|E AOFHAF HHE x| X A|E 57| A Al average threshold2t AR E

o
v BEH AD2|S THLS ASHME initiation THHIOIAE CrOFSE Hi Dot HQ

A OF A2 7|

“Focu

Termination

Initiation Threshold Determination

Az AE $7] M3 QIX| 7Hs Bt 2|4 AE $7] B4 5|5 AR %] 2%

1) Expected threshold

Maximum likelihood . 1) SD(a) of the pdf
! ) estimation (MLE) JLZ) Staircase (SC) Ji )“ (0)- ! p

- Normal & glaucoma

M:(lmumlltlh dl I

- Normal

I nghp r Lpr

Threshold (dB) " NO duectlon}

Group b Mean
——— Normal + Glaucoma _——
382 67=12 0 20 T

o - n
" s o

: 2) # presentations

r

Mixed search

Initial pdf .
Initial p 3) (SC & MLE) : 3) #reversal
! Mean T » > :
= 2 o See I 2"d reversal
faa L =
<j‘ = c“ lmﬂsnlm «"ij?"" Not see {
[ R " Rovorsa | 1streversal
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702l =3 VETS: Overview

1. 2| X ZAA}:
A1|-E—§|:'5._| AL gt =2 2. Xt AA}L

\V el
T2 AR R 9 AlOF AL O|H =2HE
\% )
AEL otL|Q

e ¥ A ™\
2= Ab oggl 7:1*"! quick screening Quick screening

s s =

AARE AN

\1/0“

&4 F & ZAl: partial threshold  Partial threshold

OfL| <

OfL| 2 \l/ | 4
I MAFAA HAp 27

Nl

HAb A ZAL: full threshold P! threshold

X'-o 7-IA|-

J

30~

&
4

AlOF HAF 21t M &
\Z
HAAIE =
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O =24 @& A|E K| H threshold 240f| [HE D|HAMXLL| BHS Bl 2 A
v Database: Z&33|Cistu Hal AOF AAF A1t
v" Threshold: 0 ~ 25 dB (Humphrey Field Analyzer?} XM|& 3}t intensity2] & H2|)
v Age: 10s ~ 70s
v 2F7 71 2T TE 40

> 8P (ngs = 47, ngp = 50): normal, ocular hypertension(OHT), glaucoma suspect(GS)

> =& PHNngs = 48, ngp = 43): normal tension glaucoma(NTG), primary open angle

glaucoma(POAG)
— 0~25dB 57|12 A|&#0f| 230t HI= 7} B2 A|OF H@Ho| B A|OF £=440]
F2 YojLts B9t e 4 U
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Relative frequency
B >8%00 >6%  >3% <1%

Temporal 7 = Temporal
TNV
‘ Inferior ‘

el + gt

Bl ezt
= 250 U BHES fe A7 MA =AM:

superior & temporal (©) — superior & nasal (2) — inferior (®)
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702l Bk=d vETS: | X A}
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OIAAMKEE ¢ .. (T HAREZE G akol B BH7| 2l X)
v BSTSPE PRI
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HQl =H ETS: X3 ZHA}

2= AAF 20 Ah= AL A[E Al 57 280 2&

d
= L ZAKO| =Mz B[ =5 Al &S MAlol= 28

O
Fot

Xtz dAt

Individual-based

A|OF Z A} databaseOl| A
O|H AL 21} 2i0{27|
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threshold
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o|7<-| 7—IA|— j|_|.o|
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Discussion(w3)

O 7|= A|OF AAt HHHE2 T HALXLL| thresholdE S 2 ¢
A E BH7| B A B HA| SE2 M 7HX| HHAZ - E RS S ohefal

O 7|& A|OF AAL EH#& threshold determination EHA| 2] E40f| 2} | 7HK]
Fo Yo 2 2R EZ metat

Initiation “ Maximum A
AR AR 571 8% likelihood
estimation
Threshold Determination - (MLE) 7
OIX| 7H5 3t A|4 A|E 87| THA 4 )

Mixed search

(SC & MLE)
Termination
HE MEHI| BE 8 )
VFTS phase VFTS category
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Discussion(2/3)

0 7|E0& VFTS 8tLEC| AlE QX0 M Al E HA| 214, 87| =F 7tH FM 9
Rt R[S

= AP0 ME A E K|

Al
AIOF gALl 2=-dat ’82“8% Az = s e

4 Maximum ikelthood ] Partial threshold X3 HA

estimation (MLE)
| I

3) "}‘s"é‘;";i'é," Full threshold

Iterative

Full
threshold

OW @A 2l
Threshold 21l 10 dB2
#7|0) A EE 2% F 4|

Individual-based

O] AAI O] =&

e
A

A FIA| @
a Fapitin .
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O A=d0lH E= g Alﬂ% %3%!% =

e.g., Turpin et al. =
1,08071 2| Cf&Fot erﬂ af |7:1AW9 HtS S 12{SH0] A|OF AL

X Hotgt = Q= parameterg =&

$1. Provide 1%t S$2. Multiply initial S$3. Normalize the $4. Terminate by the
stimulus as the pdf with maximum- pdf termination rule
mean of initial pdf likelihood function

Initial pdfs (15) @ ML functions (12) Termination@rules (6)

‘= N: Normal | = SD1: Stop when SD < 1dB
= G: Glaucomatous = SD2: Stop when SD < 2dB
* NN: Glaucomatous, but .=..SD3: Stop when SD <3dB
with only the bottom 5% : = N3: Stop after 3 presentations :
of thresholds included “=""N4: Stop after 4 presentations
for each location = Nb5: Stop after 5 presentations
= U: Uniform pdf T
= C1:1"N + NN o> (RN 2 (. 0o o oo om om om o on
= C2: 2*N + NN 2 0 o o 0% he oo ke oot 2o oo e ;v ia it ZEST code e.g.,

By R e e s Ty TRy TR T S Ty Ty
95 3_95,3 095 1095085 095 1095 095 1085085 075 05 025 005 005 005 005 005 Q05 005 ucsq—z N 95 3 N3

B L L T o A T TR TR A TRl R R Rt R o Lk

957 (1095101950195 1015509501095 01875 075 0625 05 0375 025 0125 005 005 005 005 005 005

901 09 09 08 09 08 09 08 08908 05 01 01 01 01 01 01 01 01 01

. * 93| 09 09 09 09 09 09 09 09 075 05 025 01 01 01 01 01 01 01 01
b C1 1 . 1 1 N + NN 905 09 09 09 09 09 09 09 083 067 05 033 017 01 01 01 01 01 01 01
09 09 09085 0750625 050375 0250125 01 01 01 01 01 01
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