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RNFL and Ganglion Cell Complex Thickness in Normal Hemifield According to
the Severity of Glaucoma
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Department of Ophthalmology, Hanyang University Guri Hospital, Hanyang University College of Medicine, Guri, Korea

Purpose: To analyze the thickness of the circumpapillary retinal nerve fiber layer (cRNFL) and macular ganglion cell complex
(mGCC) in apparently normal hemifield areas of glaucomatous eyes with superior or inferior visual hemifield defects according
to their severity compared with the same hemifield of normal eyes using Topcon 3D spectral-domain optical coherence tomog-
raphy (SD-OCT).

Methods: The present study included 90 normal eyes and 90 glaucomatous eyes with superior or inferior visual hemifield defects
that underwent cRNFL and mGCC imaging using 3D SD-OCT. The cRNFL and mGCC parameters were compared between
normal hemifield in glaucomatous eyes and the same hemifield in normal eyes. The mean deviation (MD) parameters (Mild: MD
> -6 dB, 54 eyes; Moderate: -6 dB =MD >-12 dB, 60 eyes; Severe: MD < -12 dB, 30 eyes) in glaucomatous eyes were also com-
pared between the 3 severity groups.

Results: The average hemifield cRNFL thickness was 93.6 + 24.2 ym and 118.1 + 14.1 ym in superior normal hemifield of glau-
comatous eyes and controls, respectively, and 107.8 + 19.1 pm and 124.9 + 17.1 ym in inferior normal hemifield of glaucomatous
eyes and controls, respectively. mGCC thickness was 95.8 + 5.9 um and 103.5 + 7.7 uym in superior normal hemifield of glaucom-
atous eyes and controls, respectively, and 93.4 + 8.2 um and 104.5 + 8.2 ym in inferior normal hemifield of glaucomatous eyes
and controls, respectively (all p < 0.05). The thickness parameters were decreased in normal hemifield of glaucomatous eyes,
which significantly decreased according to the severity (MD) of visual field defect (all p < 0.01).

Conclusions: The measurement of cRNFL and mGCC thickness in normal hemifield of glaucomatous eyes using SD-OCT is
useful in detecting structural glaucomatous changes before visual field defects appear.
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S WRAJoF AES FzejAg Al obA|(Humphrey
field analyzer, HFA)2] Swedish interactive threshold algo-
rithm (SITA)9] central 30-2 HARA Al 52 31 WA
ofoflA] thF Al 7HA] 71 F F 7HA] ol wHESke A
£ [(1) Pattern deviation plot?] 7FAE]E A LgH F9]of
A Q1A 37 ol Y A7} HAe] 5% mlEko 2 et
Uil 135 S 7l o)A 1% ujqko] ALY, (2) Pattern stand-
ard deviation (PSD)©] 5% u|7to]AY, (3) Glaucoma hemi-
field test (GHT) A outside normal limits], 12|31 Hith=
HEAJoFo]| A pattern deviation plot A A 7l ©o]AFS] H<4H
Aol A A7} 5% mIRkel o] EAEHA] o WA F 7
o] o] ALE XA JA7F 1% w|Hkel Zo] Ex) sk
U= A2 Ak AV 20% ol B 919
E 8 E 15% oY AlF et HolAl= A=
gollA A LJskeet. Srdetol thelAl= AloFAARS] Mean
deviation (MD) = ©|-85}o] AlopAEl] F5=of et
%27|(MD > -6 dB), %7](-6 dB > MD > -12 dB), &7|(MD
< -12 dB)9] Al Fo= FE5H3T



A2 =712 (Sp-300, Tomey Co., Nagoya, Japan), Humprey
field analyzer (model 750, Carl Zeiss Meditec, Dublin, CA,
USA)9]| central 30-2 SITA-Standard strategy S ©]-8-3F A
OFAAL, WIS W ARG EAIEAKOWA VX-10,
Kowa Company Ltd., Tokyo, Japan), H7Hd524(3D
SD-OCT, software version 7.11, Topcon Corporation, Tokyo,
Japan) & AL,

3D SD-OCT & protocol

H ATLof A= SD-OCT 3 3D SD-OCT (Topeon Corporation)
£ ARE-819 A1, 3D disc protocol¥} 3D macular vertical scan
protocol ©]-8-5t] =43t parameterE 4]0 0|85}
Tt} 3D SD-OCT+= o] 840 nm 1pgo|m, 3= 5 pm
o]t} 3D disc protocol 2 AAAGFFE FA 02 712 A2
6 mm AFZFE HO12 512Ax128B (22} 512709] A-scan®.
2 FAE 1287119 vertical B-scan) 2702 3}iTh WAHE
2~ E 9J|0](The built-in analysis software; version 7.11)7}
AAF S4s A5kl o3ks SAHo= 7t 217 3.4 mm
O] 4178 A-F-5(cRNFL) A9} A7+ SHAE
Aoz SAEQUAL o] F cRNFLO| A=, 515, Hat
S BAlo)| Al&35}9ith EEF 3D macular vertical scan
2 R 712 A2 7 mm AFZFE B 9E 512Ax128B
Aato]  FURYPIEAmMGCC)7) ZHEAT, 3D
SD-OCToj| A= mGCC F=7# &4 A] o]& NFL, GCL+IPL,
NFL+GCLHPLE| 4] 74 422 thro] 43k U4
dae|Eo] ARGEIL Qo] FHEE 6x6 mmoA g
NFL, GCLHIPL, NFL+GCLHIPL (=mGCC) Z}Z}9] Ab=,
55, ot FAE 240l ARSI Quality factor Fho]
60 mRto] AL F4lo] ojgE o] Sl = thidolAl Al
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EA8H4 B2 SPSS (version 18.0, SPSS Inc., Chicago,
IL, USA)E ARESRIT uldtollAl A4 whAloke] cRNFL

57 M4z-

% mGCCS| F7|2 A4% WhAJoke] cRNFL % mGCCe]
TAE 7+ A, 8 HEAJoFR Yo} B] s}l l(paired
t-test), =R A4 HEAJOFS] cRNFL 2! mGCCe| FAIE
oA 27 A 5% HhokR il AARE B2 whlolo)
cRNFL ¥ mGCC9| F7¢} |3l thindependent #test).

Ulgtol A AlokA<e] FEE2} cRNFL % mGCCe]
HEAJoF
) F Ztzbo Al cRNFL % mGCCo| =72}
MD, PSDe}e] A4 PAE MY TRAE olga) el
L, =Wt MD gholl mhet 473 Al o8 7F cRNFL
2 mGCCe £7/12 8] w35} tHOne-way analysis of var-
iance [ANOVA]). o] =it Al <& ZHzol|A A 4<tat
cRNFL % mGCCe| FAlo] F-2J3k 2po|7} A=A1E 27] 9
o) SUPoRe 4% Aeit o Adpom TSl 2 4
A} WbAJobE: ARt B2 uhalofe} 1] akeirKindependent
t-test). p-value %ro] 0.05 vkl A5 SAHZ R {935t
Rol7t gl Aoz WHssh
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Hl HUiARE 1009 1009t 3 image quality7} Gl 20
o] Aolulol, HEACD 1809 1802HCEARE 908 90
b7} el 00 909ho]  ¢ipo] EekEIRlck Ak
o] A2 Hat 58.6 £ 7924, =AY AP Bt 61.0
+ 12.6H2 EAZOSRE {3t o)zt §i1(p=0.136, in-
dependent r-test), 448 B gojA % BALOR Golst
Z}ol= §IATH(p=0.232, chi-square test). =UAE2] 43
& 442 WO}, 472 313 yhajojol) Adzo] 919Ick MD
= Aol Hat 0.58 £ 0.63 dB, Ut A -8.44 +
5.09 dB, PSD= /tollAl Hat 1.64 + 0.26 dB, =%
ol A B 9.15 + 520dBE 8-2]8t 2}o] 7} QI THp<0.001,
independent test; Table 1). JAQH} E=1j7folo] 4] cRNFL
W AR 217k mGCC A S HTeleT, B S

Table 1. Descriptive statistics for demographics and clinical characteristics of the study participants

Glaucoma (n = 90) Control (n = 90) p-value*
Gender (male/female) 44/46 52/38 0.232°
Age (years) 61.0 + 12.6 58.6 + 7.92 0.136"
Eye (OD/OS) 41/49 56/34 0.591°
Superior/Inferior 43/47 - -
MD (dB) -8.44 + 5.09 0.58 + 0.63 <0.001
PSD (dB) 9.15 + 5.20 1.64 + 0.26 <0.001"

Values are presented as mean + SD unless otherwise indicated.
MD = mean deviation; PSD = pattern standard deviation.
*Chi—square test; TIndependent t-test.
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otof| A F-oJ3t A4S H G tHTable 2). AIE H Y Hall variables p<0.05, independent #-test).
mugere] Q4 Aol W Aed wijold B

cRNFLI} 7}7+0] mGCC S E5S St whAjof
A& QA|7L S WhAJokY wje} 515 HhAoFY w2 U cRNFL @ mGCC 7} 29| £/ 24253} MD gits &
Fol A H|wettHTable 3). 45 HiAJofo] Ago] Q1S ARdoz §o5t AuaA7l 91gla(all variables p<0.05,
tje} 515 HiAJofo]] Ado] §)& wf M cRNFL H A& linear regression), ©|= A<= HRA|oRO|A] T =2 A4
318t mGCC 7t 52 F7h= SUARE A4 BhaopollA] A & 2k v PSD ZHe Hujaror AR HRA ool A=
Hixjoto]] H]afi= & 7haEe] Qloiiall variables p<0.05, cRNFL T7olut, A&z dhofo] Al cRNFL S79}

paired #test) /ST F= HhAJofo]| H[sfiAl= Hf o] Q= mGCC NFL ¥ mGCC NFL+GCL+HPL 79} §-ol5t AF

Table 2. Spectrum-domain optical coherence tomography data of the cRNFL thickness and macular ganglion cell complex (mGCC;
NFL, IPL+GCL, NFL+IPL+GCL) thickness parameters in glaucomatous and control eyes

Glaucoma (n = 90) Control (n=90) p—value*

cRNFL parameters (pum)

Average thickness 79.7 £ 14.3 99.6 + 11.5 <0.001

Superior thickness 83.8 +26.6 118.1 + 14.1 <0.001

Inferior thickness 90.6 + 27.3 1249 + 17.1 <0.001
mGCC NFL parameters (pm)

Average thickness 26.6 + 6.83 34.7 £ 4.01 <0.001

Superior thickness 28.0 + 7.83 33.5 +3.77 <0.001

Inferior thickness 252 + 10.6 36.0 + 5.02 <0.001
mGCC IPL + GCL parameters (pum)

Average thickness 61.5 £+ 5.60 69.4 + 4.95 <0.001

Superior thickness 62.8 + 6.07 70.4 + 5.15 <0.001

Inferior thickness 60.3 + 4.91 68.6 + 4.97 <0.001
mGCC NFL + IPL + GCL parameters (pm)

Average thickness 88.4 +11.2 104.0 + 7.65 <0.001

Superior thickness 90.2 +12.3 103.5 + 7.66 <0.001

Inferior thickness 86.2 + 14.0 104.5 + 8.20 <0.001

Values are presented as mean + SD unless otherwise indicated.

cRNFL = circumpapillary retinal nerve fiber layer; mGCC = macular ganglion cell complex; NFL = nerve fiber layer; IPL = inner plexi-
form layer; GCL = ganglion cell layer.

*Independent t-test.

Table 3. Comparison of cRNFL thickness and mGCC (NFL, IPL + GCL, NFL + IPL + GCL) thickness parameters in superior
and inferior hemiretina with hemifield defect and normal field and control eyes

Hemiretina with a Hemiretina with Hemiretina of
hemifield defect normal field control eye p-value
cRNFL parameters (pum)
Superior 74.1 + 27.3 93.6 + 24.2 (n = 43) 118.1 + 14.1 <0.001", <0.001"
Inferior 747 +257  107.8 £19.1(n=47)  124.9 + 17.1 <0.001", <0.001
mGCC NFL parameters (pm)
Superior 19.1 + 11.5 31.7 + 5.56 (n = 43) 33.5 + 3.77 <0.001", 0.024"
Inferior 24.7 4+ 8.17 30.8 +5.53 (n = 47) 36.0 + 5.02 <0.001*, <0.001"
mGCC IPL + GCL parameters (um)
Superior 58.3 +£5.19 63.9 + 3.51 (n = 43) 704 + 5.15 <0.001*, <0.001"
Inferior 61.8 + 7.61 62.3 + 3.78 (n = 47) 68.6 + 4.97 <0.001", <0.001"
mGCC NFL + IPL + GCL parameters (pm)
Superior 78.4 + 14.8 95.8 + 5.90 (n = 43) 103.5 + 7.66 <0.001", <0.001
Inferior 85.0 + 144 93.4 + 8.20 (n = 47) 104.5 + 8.20 <0.001*, <0.001"

Values are presented as mean + SD unless otherwise indicated.

cRNFL = circumpapillary retinal nerve fiber layer; mGCC = macular ganglion cell complex; NFL = nerve fiber layer; IPL = inner plexi-
form layer; GCL = ganglion cell layer.

*Hemiretina with a hemifield defect vs. Hemiretina with normal field; paired #-test; "Hemiretina with normal field vs Control; independent
1-test.
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Table 4. Correlation between cRNFL and mGCC (NFL, IPL + GCL, NFL + IPL + GCL) thickness parameters and glaucoma se-
verity values in hemiretina with hemiefield defect and normal field, respectively

MD PSD
R’ p-value” R’ p-value’

cRNFL parameters (pm)

Defected hemifield 0.451 <0.001 0.354 <0.001

Normal hemifield 0.227 <0.001 0.183 <0.001
mGCC NFL parameters (pm)

Defected hemifield 0.430 <0.001 0.421 <0.001

Normal hemifield 0.085 0.005 0.039 0.064
mGCC IPL + GCL parameters (um)

Defected hemifield 0.100 0.002 0.041 0.055

Normal hemifield 0.119 0.001 0.031 0.096
mGCC NFL + IPL + GCL parameters (pm)

Defected hemifield 0.357 <0.001 0.277 <0.001

Normal hemifield 0.091 0.004 0.030 0.103

cRNFL = circumpapillary retinal nerve fiber layer; mGCC = macular ganglion cell complex; NFL = nerve fiber layer; IPL = inner plexi-
form layer; GCL = ganglion cell layer; MD = mean deviation; PSD = pattern standard deviation.

*oo. .
Linear regression.

Table 5. Comparison of cRNFL and mGCC (NFL, IPL + GCL, NFL + IPL + GCL) thickness parameters between glaucoma se-
verity groups (mild, moderate and severe groups) according to MD value in hemiretina with hemifield defect and normal field, re-

spectively
Severity group (according to MD) ¥
Mild *E i/loderate : Severe p-value
cRNFL parameters (pm)
Defected hemifield 95.2 +21.6 73.6 + 20.7 54.5 + 19.8 <0.001
Normal hemifield 111.7 £ 19.9 102.7 + 19.1 88.4 +23.2 <0.001
mGCC NFL parameters (pm)
Defected hemifield 30.5 + 6.86 20.8 + 8.70 14.8 + 8.42 <0.001
Normal hemifield 33.3 +5.30 31.2 + 3.63 29.1 + 6.61 0.013
mGCC IPL + GCL parameters (pm)
Defected hemifield 62.6 + 5.65 59.5 +5.99 58.3 + 7.92 0.037
Normal hemifield 64.7 + 3.60 62.8 + 4.00 61.7 + 2.96 0.005
mGCC NFL + IPL + GCL parameters (pum)
Defected hemifield 92.4 + 10.0 81.6 + 13.0 71.7 + 13.6 <0.001
Normal hemifield 97.5 + 8.32 94.0 £+ 6.60 92.1 £5.75 0.012

Values are presented as mean + SD unless otherwise indicated.

cRNFL = circumpapillary retinal nerve fiber layer; mGCC = macular ganglion cell complex; NFL = nerve fiber layer; IPL = inner plexi-

form layer; GCL = ganglion cell layer; MD = mean deviation.
*One—way analysis of variance (ANOVA).

HHAE Ho, MDo|| H|sA= FA 4 Aol tha E
oA = AIE Hthlinear regression, Table 4). =&t
o Aopdes] FEEE W MD Yol tfet £R A
oA AES HbAoFet A4 HhAoF mE S5 T} AR
0142 RNFL @ mGCC 2} 52| $A7} o §ola
L A= worKall p<0.05, ANOVA; Table 5).

gt Alopade] FEwel weh a4l T 242
oA Sl Ao 2l 917 A2 Ao ule}
512 HEAOR TR Lol Syl M4 whAofe) A
Aot 52 ukAJof 7ko] cRNFL % mGCC 7t 5] =7 2}
W3 CKTable 6). A= HhAJof A& 27| wjj9]

mGCC NFL &A1& A3t =&

of ulsh fola

SR ol et

IAaE BIHmGCC NFL %7] A=
p=0.994, 71 2] all p<0.05, independent #-test).

=t
=

AollA 7154 447 Alok A&l Yehr]of ohA

bR S}

defA ek ER 2T oCTe) W
7} ElEo] mGCCe FA ZHo]
Ao} elEe] Sy 7] Atk

7H5 4|84 cRNFL %
A2 840 A
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Table 6. Comparison of c(RNFL and mGCC (NFL, IPL + GCL, NFL + IPL + GCL) thickness parameters between glaucoma se-
verity groups (mild, moderate and severe groups) according to MD value in hemiretina with normal field and corresponding hemi-
field in normal groups

Severity group (according to MD)

Mild Moderate Severe

cRNFL parameters (pum)

Control group sup. field 118.1 + 14.1

Normal hemifield sup. field 93.6 +242(n=43) 1072 +226(m=13) 960 + 16.6(n =13) 814+ 252 =17)

p-value” <0.001 0.025 <0.001 <0.001

Control group inf. field 1249 £ 17.1

Normal hemifield inf. field 107.8 £ 19.1(n =47) 110.1 £ 896 (n =17) 1079 £ 197 (n = 17) 97.5 £ 17.1 (n = 13)

p-value” <0.001 0.005 0.029 <0.001
mGCC NFL parameters (um)

Control group sup. field 335 +£3.77

Normal hemifield sup. field 317 £556(n =43) 335+3.62(n=13) 31.2+271(n=13) 30.6+7.84(n=17)

p-value” 0.024 0.994 0.035 0.016

Control group inf. field 36.0 + 5.02

Normal hemifield inf. field 308 +553m=47) 33.1+640n=17) 31.2+429n=17) 273 +4.14(n = 13)

p-value” <0.001 0.043 <0.001 <0.001
mGCC IPL + GCL parameters (pum)

Control group sup. field 70.4 + 5.15

Normal hemifield sup. field 639 +351(n=43) 650+370(n=13) 644 +3.64(n=13) 62.8+3.10(n =17)

p-value” <0.001 <0.001 <0.001 <0.001

Control group inf. field 68.6 + 4.97

Normal hemifield inf. field 623 +3.78(n=47) 645+3.63(n=17) 61.5+392n=17) 60.2 +2.11 (n=13)

p-value” <0.001 0.002 <0.001 <0.001
mGCC NFL + IPL + GCL parameters (pm)

Control group sup. field 103.5 + 7.66

Normal hemifield sup. field 95.8 £590(n =43) 98.1 +626(n=13) 957 +528(m=13) 9424584 (n=17)

p-value” <0.001 0.017 0.001 <0.001

Control group inf. field 104.5 + 8.20

Normal hemifield inf. field 934 4+820n=47) 97.1+978(n=17) 928 +737(mn=17) 89.4 +4.50(n = 13)

p-value” <0.001 0.001 <0.001 <0.001

Values are presented as mean + SD unless otherwise indicated.

cRNFL = circumpapillary retinal nerve fiber layer; mGCC = macular ganglion cell complex; NFL = nerve fiber layer; IPL = inner plexi-
form layer; GCL = ganglion cell layer; MD = mean deviation; sup. = superior; inf. = inferior.

“Independent -test.
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