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Figure 1. The schematic representation of multifocal visual
evoked potential (mfVEP) stimulus.
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\
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Figure 2. The position of the four electrodes and the
configuration of the four channel recording of mfVEP.
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g5te] wHg& EAsHth AluE A=Ak cortical dipole)
ERE A AFEAYE AR AR 71 SEA
25131, 7} channelo] Hal=lo] 7]ZE k" Best VEP
response A2 TeE HAatoA] oA ol channel &=
e 245 99 3, 7 signal—to—noise ratio (SNR)7}

¢

=

ek = Lol Alof FHOREH
T (area)}t 4749 AFEH(sector)
Y EY HdE MER RS EEAE
A& \laste] HSkth o2 AJof FAHO2REH 0~5°
(area 1), 5~10° (area 2), 10~20° (area 3), 20~30°
(area 4), 30~45° (area 5), 45~60° (area 6) 2 &35}
th(Fig. 3). AMEHS horizontal meridiang 7]F20=E,
0~90° (sector 1), 90~180° (sector 2), 180~270° (sector
3), 270~360° (sector 4)2 U9 om(Fig. 3), 2+29]
T} AREHOA S Plyf N29) i Z23f ¥h-3- =
A= A= vlaskieh BAdlelA S78E %1253} vt
SEGAITto] oEdt B2 S Hol=A] WEskaL, A
B o] wet ojwgl ApolE Hol=A] A5tk
T AR = 2 Fo] vl 2o} ol ofste] E

www_ophthalmology.org 533



- Cfstetatets|x| 20108 X 51 X 43—

O Area1:0~5°
O Area 2:5~10°
O Area 3: 10~20°
O Area 4: 20~30°
O Area 5: 30~45°
O Area 6 : 45~60°

D Infero-temporal

D Supero-temporal
(] Supero-nasal
Q Supero-temporal

Figure 3. Schematic diagram of 6 areas (A) and 4 sectors (B) on visual field of mfVEP.

Figure 4. To investigate the false—positive ratio of the

examination, stimuli were given with covering one—half
of the CRT monitor completely to stimulate the temporal
retina of the right eye.
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(0.01~1.69 uV), N2 #HF AZS (0.259+0.359 pV
(0.01~2.72 w2 ey, g Pl whSEghi ke
93.35+15.58 ms (69.69~120.30 ms), N2 HF-S- =71
© 124.03+22.87 ms (80.40~160.10 ms) 2 Ljepyich o
HoA B P1 WZe zHz} 0.175+0.194 pV, 0.184+
0.186 pVE ZA=|o], oztof| A z1Zo] thh £ ZA =
Ao, FAsH R folgt xfol= of ATH(p=0.187).
N2 z1Z3} P1, N29| Wh-g-=2hA7t i W 7hof {2t
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thH(p=0.540, p=0.223, p=0.310).
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ERFtH(p<0.001) (Fig. 5, Table 1). ZF ol A o] Bt
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0.47140.519 pV, area 394 0.24240.322 uV, area 4]
4] 0.233+0.253 pV, area 5= 0.150+0.178 pV, area 69]]
A= 0.14140.159 w2 vepget N2o) B AZ% grea
Lol 74 3A] S =it FHRER 2445 J2f 7ha
S P B, area 13} 2042 N2 B 152
2 area©| H|slo] FoJ5kA & A= YERHTH p<0.001)
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Table 1. Mean amplitudes (uV) and implicit times (ms)of P1 and N2 of mfVEP on 6 areas

Area 1 Area 2 Area 3 Area 4 Area 5 Area 6 p—value”
P1 amplitude 0.400+0.362 0.3474+0.304 0.171£0.194 0.170+£0.196 0.127+0.140 0.09440.103 <0.001
N2 amplitude 0.565+0.614 0.4714+0.519 0.2424+0.322 0.233+0.253 0.150+0.178 0.14140.159 <0.001
P1 implicit time 93.88+11.98 94.64+13.37 93.74+14.96 92.56+16.14 93.92+15.50 92.94+17.91 0.217
N2 implicit time 120.21+17.49 123.774£19.43 120.224+23.51 124.56+23.19 124.45+24.08 120.47+23.49 0.101

‘tested by one—way ANOVA.
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Figure 5. P1 (A) and N2 (B) amplitudes and P1 (C) and N2 (D) implicit times from mfVEP on 6 areas of visual
field. P1 and N2 amplitudes on area 1 and 2 (*) were significantly higher than on the other areas (p<0.001, p<0.001).
Implicit times of P1 and N2 showed no significant differences among areas (p=0.217, p=0.101).

(Fig. 5, Table 1).

Hat P1 9FS = A7 area 194 93.88+11.98 ms,
area 20|A= 94.64+13.37 ms, area 3+= 93.74+14.96
ms, area 4= 92.56+16.14 ms, area 5oJA= 93.92+
15.50 ms, area 694 92.944+17.91 msE &A= o], P19]

HRSIESARHE olo] wl $elgt Aol wolx|
wim(p:o.zm (Fig. 5, Table 1). B N2 Hh-3-=ghA]
7HE area 1of|A4] 120.21+17.49 ms, area 20j|A]= 123.77
119.43 ms, area 39)|4] 120.224+23.51 ms, area 4= 124.56
123.19 ms, area 59)|A|= 124.45+24.08 ms, area 69| A

120.47423.49 ms& ZAFE o], N2 WHSEehA7E oJA] 7
gof| wh2 {23k 2o 5 ol ehghrh(p=0.101) (Fig. 5,
Table 1).

A AoFs AHEE o2 LRSS of S5 Hat PL
AL 510l Aol RIS, shlSolA 242 0.200+0.215
uV, 0.169+0.193 uV, 0.16040.207 uV, 0.22640.241 uV
2 ZAHol, AF Alokht} 85 Alope] Hit P1 o]
SOSHAl =A UERETHp<0.001). ¥k, Ha N2 X%
2 ZF AFEHolA 0.26740.388 wV, 0.21240.273 uV,
0.279+0.273 uV, 0.271£0.262 W& ZH o], 313 Aok
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Table 2. Mean amplitudes (uV) and implicit times (ms) of P1 and N2 of mfVEP on 4 sectors

Infero—temporal Supero—temporal Supero—nasal Infero—nasal p—value”
P1 amplitude 0.2004+0.215 0.169+0.193 0.160+0.207 0.226+0.241 <0.001
N2 amplitude 0.267+0.388 0.21240.273 0.279+0.273 0.271£0.262 0.057
P1 implicit time 92.84+15.44 93.19£16.08 92.82+15.46 94.324+15.40 0.554
N2 implicit time 123.31+24.51 123.59+21.87 123.38+23.27 125.484+21.90 0.556

“tested by one—way ANOVA.
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Figure 6. P1 (A) and N2 (B) amplitudes and P1 (C) and N2 (D) implicit times from mfVEP on 4 sectors of visual
field. P1 amplitudes on the inferior field (*) were significantly higher than on the other sectors (p=0.007). But,
other parameters showed no significant differences among sectors.

oM AZo| tha 2 A0E UEtoLk, fol8 Aol of  chERRAfAS AN RS Pohus] gistel,
YAtH(p=0.057) (Fig. 6, Table 2). A=+ F= BUEY AHLS: 7 & HAALE AJ8ys 2a)
7} AHEEA e Pl RS ERAIZES Stol %, Aol A ZhelA] ke o] W Pl N29 H@ AES 0201

)=, 3hH| 204 92.84415.44 ms, 93.19+16.08 ms, 92.82 0.189 uV, 0.187+0.121 w2 =A% whd 228 72
15.46 ms, 94.32+15.40 ms2 UFERG I, AFEE 7kl & z0] H P1, N2 Hi AZL 0.016+0.011 v, 0.010+
olgt zfol= 91 (p=0.554) (Fig. 6, Table 2). T3+ N2 0.015 W& 2AE ). A= 718l ZojA| ulgo] A=
WS EEhA |7 @A) 123.31424.51 ms, 123.59+21.87 o] g-2l5HA FA A= UrH(p<0.001). 18| A= 7}
ms, 123.38423.27 ms, 125.48+21.90 ms2 A0 2 Zoj A 0.100 uV o]Are] AZL Zk ulgo] 7|2H 7
o, o] GA] AHEH 7ol §-9)3t 2tolE YERNA] oFgkTt 7k AaL(Fig. 7), AAF A T ¥Es= 13.7% (412 / 30)
(p=0.556) (Fig. 6, Table 2). 2 et A4 Al S E 3R] g g R
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Figure 7. The best VEP responses and 3—D plots of mfVEP without covering (A) and with covering on one—half
of the CRT monitor (B). The amplitudes on no stimulation area were significantly smaller than on stimulation area
(p<0.001). But, waves with large amplitudes were recorded on covered area in spite of no stimulation (five red

hexagons).
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ofe] ofg] $ix)of AR & F AT (reverse corre—
lation)& ©o]-8sto] 54 oA WA H714 RS
FESUE AAtolh ™ FAAGHANE A FA]
Al 40~60° 99| Alopz e AgE = Hhgo s 4y
o], 719 Al ] HAell Hlgte] §& W19 A4
Aeg AdAsked Eapdoleta & 4 Qe AgAlg

on
Sl

w9ieh vl wstel, GRAAREASAANE F2Hel A
N7 7159 Bk Absstois el ek
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A ZAFQI Roland ConsultAbol A AQFeE ®HA1S ]85}
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7120] A AAOIA ek kTt atan)
FUASN AR 7125 2t o] H o] TP T Bol
GRS o) A AR A 2L 71
65 ms oA A SHIND7F ek}, A2 5 95
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Figure 8. Characteristics of results of multifocal VEP
from normal subject. Signals with larger amplitudes
were showed in central 15" field. Inferior field showed
larger amplitudes compared to superior field. Signals
out of 30" had relatively low amplitudes.
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=ABSTRACT=

Multifocal Visual Evoked Potential in Normal Subjects

Hoon Dong Kim, MD’, Sang Hyouk Park, MD2, Young—Hoon Ohn, MD'

Department of Ophthalmology, Soonchunhyang University College of Medw’cine‘, Bucheon, Korea,
Department of Ophthalmology, Soonchunhyang University College of l\/led'\cine,2 Gumi, Korea

Purpose: To introduce the clinical utility of multifocal visual evoked potential (mfVEP) and to assess the waveform from normal
Korean subjects, i

Methods: mfVEP with 4 channel recording was performed using the RETIscan® system (Roland Consult, Wiesbaden, Germany)
for 25 eyes of 25 normal subjects, Amplitudes and implicit times were obtained from ring—shaped 6 areas and 4 sectors, To
investigate the false—positive ratio of the examination, stimuli were given with one—half of the CRT monitor completely covered
and the results were compared,

Results: Amplitudes of P1, N2 were larger in the central 10° area than other areas (p<0.001). Amplitudes were reduced and
implicit times were prolonged on peripheral areas, P1 amplitudes were larger in the inferior field, Waves with large amplitudes
by noise were recorded in 13.7% of covered areas,

Conclusions: mfVEP is useful tool to detect local optic nerve damage and rule out the non—organic cause of visual field defect,
However, mfVEP results are difficult to interpret due to noise and poor patient cooperation, Standardization of mfVEP is necessary
for its application,

J Korean Ophthalmol Soc 2010;51(4):532—541
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