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Figure 1. Threshold plot of automated perimetry (dB) was div-
ided into Ring 1, Ring 2, Ring 3 by every 6 degree.
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Figure 2. Trace arrays of mfERG (A) show the result on 61
point of 30 degree on central visual field. Ring average of
mfERG (B) show mean amplitude and peak time of concentric
ring.

2 gefstar(Fig. 1), ZF ol sidst= A S +
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TS EktH(Fig. 2). %3 logarithmic unit O &
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AAFAnR= SPSS 18.0 (Chicago, IL)<] independent sam—
ples #—test@} Pearson’s correlationg ©]83}it}. Pearson’s
correlationof| A A 4=(r) 9] Adjgto] 1o 77t A4=
AAZE okl wesklar, p<0.05Y of FAHC R
gk AL Y= AR skt

i

SH#A = e —0.81 + 1.43 diopter, —0.48 + 1.03
diopter et WIMIE-SE S HAMY SRt FA1= 226.63
+ 50.42 um, 214.00 + 24.25 umE BE HA} E o]
o] BATH o2 (o8t 2to]E Koz ghetrH(Table 1).

SIS SAboll A AR AloR AR et oA
L Ring 19]4 26.50 + 2.97 dB, Ring 204 24.60 +
4.48 dB, Ring 3914 20.19 + 4.09 dBYT}. Y22 Ring
1o4] 30.18 + 1.79 dB, Ring 20]4] 28.84 + 2.16 dB,

Ring 394 26.10 + 1.90 dBXt}. Hat ]+ Ring 194

A i’ = AR [ofRlt Ajo|E HoR] ¢Fgroy, Ring 2, Ring
oM EAER o7 GolstA TAFS HPTHTable 2).
Atoll Zrolgt Sy At 167 16%te s O arubd 9 e AR Hit 2E2 ety 3
Lo} 8oF ot 8oto|Q a1, Wt Lpo]= 55.86 + 12.364], A2 7% Ring 19f|4] 46.08 + 11.55 nV/degZ, Ring 29|14
Ao Uz 109 ojz} 6o qich tlzae 14 14910 30.64 + 6.51 nV/deg”, Ring 39 A4] 20.36 + 3.46 nV/deg’ S
2 QoF 701 Fot 7¢0t0]¢lal, HF Yol 56.14 + 11.36 a1, RToA= Ring 194 92.11 + 22.20 nV/degz,
Al, AL Uz} 91 oz} 50| ¢t Wiy = FxpL Ring 2¢]A 62.16 + 20.16 nV/degZ, Ring 3of|A] 45.72 +
I 2] Hot FHo Wy Al 0.13 £ 0.13, 0.01 £ 8.17 nV/deg’glth. thztol wle] Prduhds shato)
0.04 (log MAR)¥a1, ZERE FEAYAR ZHe Haf Bt AEE BE GooA FATHOR FosHA AT
oFQr2 14.00 + 2.34 mmHg, 13.64 + 2.59 mmHg$ o, 2 HYtH(Table 3).
Table 1. Demographic characteristics of the patients
DR Normal p—value*
Number (eyes) 16 (16) 14 (14)
Sex (male/female) 10/6 9/5 0.846
Age (years) 55.86 + 12.36 56.14 + 11.36 0.825
BCVA (log MAR) 0.13 + 0.13 0.01 £+ 0.04 0.201
IOP (mm Hg) 14.00 + 2.34 13.64 + 2.59 0.699
SE (diopter) -0.81 +1.43 -0.48 + 1.03 0.215
CPT (um) 226.63 + 50.42 214.00 + 24.25 0.094

Values are presented as mean + SD.

BCVA = best-corrected visual acuity; IOP = intraocular pressure; SE = spherical equivalent; CPT = center point thickness; DR = diabetic
retinopathy.

*Statistically significant with independent samples z-test (p < 0.05).

Table 2. Comparison of the threshold (dB) of AVF in diabetic retinopathy group and normal group

Ring 1 Ring 2 Ring 3
DR 26.50 + 2.97 24.60 + 4.48 20.19 + 4.09
Normal 30.18 + 1.79 28.84 + 2.16 26.10 + 1.90
p-value 0.268 0.039" 0.003"

Values are presented as mean + SD.
*Statistically significant with independent samples #-test (p < 0.05).

Table 3. Comparison of the amplitude (nV/degz) of mfERG in diabetic retinopathy group and normal group

Ring 1 Ring 2 Ring 3
DR (log unit) 46.08 + 11.55 (1.65 + 0.12) 30.64 + 6.51 (1.48 + 0.09) 20.36 + 3.46 (1.30 + 0.08)
Noraml (log unit) 92.11 + 22.20 (1.98 + 0.12) 62.16 + 20.16 (1.77 + 0.15) 4572 + 8.17 (1.65 + 0.08)
p-value 0.016" 0.000" 0.001"

Values are presented as mean + SD.
*Statistically significant with independent samples #-test (p < 0.05).
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Table 4. Comparison of the peak time (msec) of mfERG in diabetic retinopathy group and normal group

Ring 1 Ring 2 Ring 3
DR (log unit) 38.06 + 4.98 (1.58 + 0.06) 39.45 + 3.30 (1.59 + 0.04) 39.43 + 2.62 (1.59 + 0.03)
Noraml (log unit) 37.17 + 3.01 (1.57 + 0.04) 36.67 + 1.92 (1.56 + 0.02) 37.84 + 1.86 (1.58 + 0.02)
p-value 0.387 0.012" 0.508

Values are presented as mean + SD.
*Statistically significant with independent samples z-test (p < 0.05).

Table 5. Relationship between the threshold of AVF and responses of mfERG in diabetic retinopathy group

mfERG mfERG mfERG

Rl Amp* Pe.T' R2 Amp Pe. T R3 Amp Pe.T

AVF r=0.401° r=-0.219" AVF r=0.779 r=-0.276 AVF r=0.578 r=-0.638
(p=0.124) (p=0.416) (»p=0.001%) (p=0.214) (p=0.043"%) (»p=0.008")

"log (amplitude); "log (peak time); *Pearson’s correlation coefficient. Pearson’s correlation was statistically significant, as absolute value of r
was close to 1; §Statistically significant with Pearson’s correlation (p < 0.05).

Table 6. Relationship between the threshold of AVF and responses of mfERG in normal group

mfERG mfERG mfERG

Rl Amp* Pe. T’ R2 Amp Pe. T R3 Amp Pe.T

AVF r=0.732* r=-0.279 AVF r=0.530 r=-0.021 AVF r=0.568 r=-0.175
(p=0.003"%) (p=0.335) (p=0.045%) (p=0.944) (p=0.043%) (p=0.550)

“log (amplitude); "log (peak time); *Pearson’s correlation coefficient. Pearson’s correlation was statistically significant, as absolute value of r
was close to 1; §Statistically significant with Pearson’s correlation coefficient (p < 0.05).

U 9= FARe] Hat RESEEAIS Bt o] A7} F7gel whet oA F7kehe O AHEAE
5 A9 %9 Ring 194 38.06 + 4.98 msec, Ring BN, WRSEEAIZEE AJopgARe] A7} 75kl whet
20]|4 39.45 + 3.30 msec, Ring 3oJ|A] 39.43 + 2.62 msec Hast= o] AaA S B rH(Fig. 3).

A, AA Z o A= Ring 194 37.17 + 3.01 msec,

Ring 20]|A] 36.67 + 1.92 msec, Ring 39J|4] 37.84 + 1.86 71 g

msec e} Het WS =E AR Ring 13} Ring 394+ &

Aoz fofat Aol Holx) gigkort, Ring 204 wute] WAFHE WS 235 PuFAFR 1 8
FATH R FosA A AES etk (Table 4). 2HE FAFFS WL, 9 1/3 wgut mAgRo s

Logarithmic unit &2 FHEP= AlopgAte] gxjob of=r FE HAFFE W o]F TFATOR Hofgih” utet
APUAE A Ha] Slote] MBI WIS A EFgolsL AR Fare] S1Xol ket S Wi
24 logarithmic wit©.2 Wek 3 5 HALE et A% wEo] 24Hw, S@e] gt Wut Al Holrk WA
s SRl Aokadte] B odxeh thaa  Hith YRAEES A44el nEge] o) gekda s
WEPAYIE FAL] B WS Ring 2, Ring 341 9 SF 22 HFFsHEOl MTo| FHHT, T Akl 4
& BAZ Bl Ring LINE §o% BAS Bold 4 9 VEGFY) 4% Sol Baon 2astel washs
AUTE AJOFHALY] Bt A9} Thm AT ubA Q= HAY A g S o R iR sl eyt I fRof @
Bt HEEEEAIZRS Ring 1, Ring 204= ofst #HAIE 1 e Zoh’ webd 27] Gy Ee 2 gt 3o
o]7] ¢¥okoLt, Ring 3oA= Felgh BAE E ik Table 5). FFE A HaL, B HF 75 AskE dstA "ok

ol Al AlopaALe] Bt AX|9f Tl 9l ofojA] GirrgutyFo] 2P gl wef AN ZE ZFet
AAke] Bt 71Z-2 Ring 1, Ring 2, Ring 3 X oA ob ©3-0] 7|5 A st FHIE AoR weEh
FAA SR Fogt BAE B o, AloFHARY] Hat T b 9 HARY] oy oAl aEe] o8l ==
29} bl 9= AR Hat WY A Ring 7198taL, AJAE}F FEAAE B A A= IR 7]
1, Ring 2, Ring 3 = FYollA o3t AE HolA| & She Ao defgich 1e|ar Ajazo] 7)o whef w5 9
S}t}(Table 6). AZ, VRS TYA|7E WOF & 23l Hio| thar) 2l

AA o 2 oA e HARY] X352 AloRHAL FFAIZ} TS5 Z= WSOl =2 EE5kL, AA|
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Figure 3. Relationship between the threshold of AVF and log (amplitude) of mfERG in DR group (A) and normal
group (C). Relationship between the threshold of AVF and log (peak time) of mfERG in DR group (B) and normal

group (D).
Zo} AN =L Z719] Fof HEslo]! aui= BE 2 Ao]o] WuluZol A WYl FHkEES N1sc Pl
of wel oA E FAke] mHo] Ajolzl WEE o] A Weltka st wub ANl et oAy
4 Q7] Wo] Wubagte] el =g & 4tk wh wASE HAL] uEe B b Yokt B 425l
[e] Z

-
2
>
K1
ofl
i
=)
=)
o
olN
it
X
Rl
o
=
B

‘

=2
o
:?L
o
1
B

2l
Al ARE ABE & WOHSE Ak ABo] folshl aaw AL
A< L
T -
5

avA [e]
= = = =
AT AL, WG AZIE Ring 20014 == AE 2}l
Kim and Yu'"t Ghgungso] Ay uteh ot & A3t
AP HA] T4 TN S49e 243 A eSO R QIR AJof Hghe i Vet diey
Frgugso]l Ages UF] faeh wheEdARE apgZol A)5k7] oM WY 4= 9lrk Roth "
Aol FEHAA Urepdtial 3h3lal, ekl LSO fls TR 40%2 TSl 9l

iu}
o i
<

7170 3 WA Sl WATE <ulieh
w3 Greeyel Yk Ashe] e Aok
At 9L WS 4 ks @77F BuEge ETDRS
A AokgiAe] At 4B

2
=)
ru
oft
i
ol
)
o 1
olN
1o
L

206 www_ophthalmology.org



f
=

o

oH
ol
S o

N

olN
N
uis)

o)
ol

o|N

N
e

—
oN
O]

B
_CLEE
1 ot

i e

o

filo
SR

B
o

(x

el

S

HHet w3t SRFsHA] ¢

WAl A

|2 7414 ¢

8

i s

b
of
i}

N

o =

=~

1=
1o pob 2 AL

i of Hdo o af

ox
o

75 el 9l

i)

o rr i

%
>~
N

2

i)

I

o

).

o

REFERENCES

1) Ola MS, Nawaz MI, Siddiquei MM, et al. Recent advances in un-
derstanding the biochemical and molecular mechanism of diabetic
retinopathy. J Diabetes Complications 2012;26:56-64.

2) Frank RN. Etiologic mechanisms in diabetic retinopathy. In: Ryan
SJ, Schachat AP. Retina, 4th ed. Los Angeles: Mosby, 2006; v. 2.
chap. 66.

3) Yoon JH, Kim MJ, Chin HS, Moon YS. Effect of PRP on visual
acuity, visual field and subjective symptoms in very severe NPDR.
J Korean Ophthalmol Soc 2003;44:2545-52.

4) Lee BH, Cho YW. Quantitative analysis of diabetic macular edema
by optical coherence tomography. J Korean Ophthalmol Soc 2004;
45:1858-64.

5) Ito H, Horii T, Nishijima K, et al. Association between fluorescein
leakage and optical coherence tomographic characteristics of mi-
croaneurysms in diabetic retinopathy. Retina 2013;33:732-9.

6) Hood DC. Assessing retinal function with the multifocal technique.
Prog Retin Eye Res 2000;19:607-46.

7) Sutter EE, Dodsworth-Feldman B, Haegerstrom-Portnoy G.
Simultaneous multifocal ERGs in diseased retina. Invest Ophthalmol
Vis Sci 1986;27:301-2.

8) Lung JC, Swann PG, Wong DS, Chan HH. Global flash multifocal
electroretinogram: early detection of local functional changes and
its correlations with optical coherence tomography and visual field
tests in diabetic eyes. Doc Ophthalmol 2012;125:123-35.

9) Hood DC, Zhang X. Multifocal ERG and VEP responses and visu-
al fields: comparing disease-related changes. Doc Ophthalmol
2000;100(2-3):115-37.

10) Hood DC, Bach M, Brigell M, et al; International Society For
Clinical Electrophysiology of Vision. ISCEV standard for clinical
multifocal electroretinography (mfERG) (2011 edition). Doc
Ophthalmol 2012;124:1-13.

11) Harris A, Bingaman D, Ciulla TA, Martin B. Retinal and choroidal
blood flow in health and disease. In: Ryan SJ, Schachat AP. Retina,
4th ed. Los Angeles: Mosby, 2006; v. 1. chap. 5.

12) Hood DC, Frishman LJ, Saszik S, Viswanathan S. Retinal origins
of the primate multifocal ERG: implications for the human
response. Invest Ophthalmol Vis Sci 2002;43:1673-85.

13) Hood DC, Greenstein V, Frishman L, et al. Identifying inner retinal
contributions to the human multifocal ERG. Vision Res 1999;39:
228591.

14) Miller RF. The physiology and morphology of the vertebrate
retina. In: Ryan SJ, Schachat AP. Retina, 4th ed. Los Angeles:
Mosby, 2006; v. 1. chap. 9.

15) Kim SJ, Yu HG. The clinical applications of multifocal electro-
retinogram in diabetic retinopathy. J Korean Ophthalmol Soc
2004;45:64-8.

16) Kondo M, Miyake Y, Horiguchi M, et al. Clinical evaluation of
multifocal electroretinogram. Invest Ophthalmol Vis Sci 1995;36:
2146-50.

17) Fine BS, Brucker AJ. Macular edema and cystoid macular edema.

/ww_ophthalmology.org 207



- Cistetatsts|x| 20144 X 55 B M 2 -

Am J Ophthalmol 1981;92:466-81. betic retinopathy. Trans Am Ophthalmol Soc 1984;82:358-70.
18) Roth JA. Central visual field in diabetes. Br J Ophthalmol 1969; 21) Pahor D. Automated static perimetry as a screening method for
53:16-25. evaluation of retinal perfusion in diabetic retinopathy. Int Ophthalmol
19) Bengtsson B, Heijl A, Agardh E. Visual fields correlate better than 1997-1998;21:305-9.
visual acuity to severity of diabetic retinopathy. Diabetologia 2005; 22) Greenstein VC, Holopigian K, Hood DC, et al. The nature and ex-
48:2494-500. tent of retinal dysfunction associated with diabetic macular edema.
20) Federman JL, Lloyd J. Automated static perimetry to evaluate dia- Invest Ophthalmol Vis Sci 2000;41:3643-54.
=ABSTRACT=

Correlation Between the Visual Field Test and Multifocal
Electroretinogram in Patients with Diabetic Retinopathy

Jeong Kyu Kim, MD, Ji Hye Jang, MD, Young Wook Cho, MD

Department of Ophthalmology, Daegu Fatima Hospital, Daegu, Korea

Purpose: To evaluate the macular function by a multifocal electroretinogram (mfERG) in patients with diabetic retinopathy
(DR), and to assess the correlation between responses of mfERG and the threshold of the visual field test (VF).
Methods: The records of patients with DR (16 eyes, 16 patients) and control subjects (14 eyes, 14 subjects) were retro-
spectively reviewed. mfERG and VF were divided into Ring 1, Ring 2 and Ring 3 at 6-degree intervals from the central
macula. The correlation between the amplitude/peak time and the threshold of each ring was analyzed.

Results: In patients with DR, the amplitude was decreased in all areas, the peak time was delayed in Ring 2 and the
threshold was decreased in Rings 2 and 3, compared to control subjects. The amplitude of mfERG and the threshold of VF
showed statistically significant positive correlations in Rings 2 and 3 (p < 0.05). The peak time of mfERG and the threshold
of VF showed statistically significant negative correlations in Ring 3 (p < 0.05).

Conclusions: The threshold of VF was more significantly correlated with the amplitude than with the peak time of mMfERG
in patients with DR. mfERG and VF were useful tests to assess the macular function, and alteration of macular function
was early detected because two tests were conducted at the same time.

J Korean Ophthalmol Soc 2014;55(2):202-208

Key Words: Diabetic retinopathy, Multifocal electrogram, Visual field test
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