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Diagnostic Ability of Macular Ganglion Cell Layer Measurements in Glaucoma
Using Swept Source Optical Coherence Tomography
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Purpose: To evaluate diagnostic ability of macular ganglion cell complex (mGCC), macular ganglion cell inner plexiform layer
(mGCIPL) measurements in glaucoma using swept source deep range imaging optical coherence tomography (DRI OCT-1,
Topcon Co., Tokyo, Japan).

Methods: From August of 2014 to July of 2015, 109 eyes of 109 subjects were assessed for the average thickness and sectional
thickness of both mGCC and mGCIPL to determine whether there exists any significant difference among advanced stage glau-
coma group, early stage glaucoma group and normal group in Swept source OCT. Comparisons were also made between the
above measurements and circumpapillary retinal nerve fiber layer (cpRNFL) thickness measurements in their diagnostic accu-
racy, sensitivity, and specificity.

Results: The diagnostic ability of mGCC based-mean thickness value (area under the curve [AUC] = 0.78/ 0.99) in detecting ear-
ly stage glaucoma group as well as advanced stage group was not significantly different from that of cpRNFL thickness
measurement. However, there was a significant difference in thickness between mGCIPL (AUC = 0.70) and cpRNFL in early
stage glaucoma groups (p = 0.018). The sensitivities and specificities of mGCC were 0.95/0.97, and those of mGCIPL were
0.92/0.97, respectively.

Conclusions: The two swept source OCT based methods measuring retinal ganglion cell layer thickness appeared to have a
good diagnostic accuracy, high sensitivity and specificity in detecting glaucomatous eyes. Nevertheless, of the two methods,
mGCC thickness measurement was more efficient in detecting early glaucomatous changes.
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Figure 1. Macular and optic nerve cube scan using deep range
imaging swept source optic coherence tomography (DRI OCT-1;
Topcon Corp., Tokyo, Japan). (A) Macular ganglion cell layer
and inner plexiform layer (mGCIPL), (B) macular ganglion cell
complex (mGCC), (C) circumpapillary retinal nerve fiber layer
(cpRNFL).
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Table 1. Characteristic per groups
Variable Normal Early Glaucoma Advanced Glaucoma Total Comparison (p-value)
Demographic characteristic N =37 N=35 N =37 N = 109
Age (years) 51.0 £ 11.5 57.6 + 16.3 58.6 + 9.4 54.7 + 12.9 0.054
Sex (n, %)
Male 21 (56.8) 19 (54.3) 26 (70.3) 66 (60.6) 0.102
Female 16 (43.2) 16 (46.7) 11 (29.7) 43 (39.4)
Ocular characteristic N =37 N =35 N =37 N = 109
IOP (mm Hg) 15.8 £ 3.6 16.3 £ 3.5 153 £33 15.8 £ 3.5 0.489
MD (dB) 07+15 45+09 -13.2 + 5.4 6.6 +5.3 <0.001"*"3*3
PSD (dB) 1.2+09 52+ 1.3 10.9 +2.9 6.1 +3.7 <0.001" >33

Values are presented as mean + SD unless otherwise indicated. p-values were calculated by analysis of variance (ANOVA) assuming unequal var-
iance for continuous variables and Chi-square test for categorical variables. Posthoc comparison by Scheffe's method: i-j means that i-th group
and j-th group had significant differences (i, j = 1, 2, 3; Group 1 = Normal, Group 2 = Early glaucoma, Group 3 = Advanced glaucoma).
IOP = intraocular pressure; MD = mean deviation; PSD = pattern standard deviation.
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Table 2. Circumpapillary retinal nerve fiber layer (cpRNFL), macular ganglion cell inner plexiform layer (mGCIPL), macular gan-
glion cell complex (mGCC) thickness (um) per groups

Posthoc comparison (p—value)T

. Normal Early Advanced Total Comparlson* Normal Normal vs. Early
Variable @ = 37) glaucoma glaucoma (0 = 109) by ANOVA e [Py Admesd glaucoma vs.

(n = 35) (n = 37) (p-value) ) Advanced
glaucoma glaucoma glaucoma

cpRNFL thickness (um)
Average 100.3 £ 11.2 859 +95 578 +132 813 +21.2 <0.001 <0.001 <0.001 <0.001
Superior 125.1 £ 154 1004 +17.1 65.6 + 18.9 97.0 £ 30.1 <0.001 <0.001 <0.001 <0.001
Inferior 128.8 £22.2 107.4 +22.5 65.8 +£19.1 100.5 +£33.9 <0.001 <0.001 <0.001 <0.001
Nasal 68.3 + 13.7 659 +£133 445+ 151 595+17.6 <0.001 0.772  <0.001 <0.001
Temporal 79.4 £ 142 715+ 143 545+199 684 +194 <0.001 0.134  <0.001 <0.001

mGCIPL thickness (pum)
Average 699 +54 654 +65 492 +104 614 +11.8 <0.001 0.054 <0.001 <0.001
Superior 69.2 +7.1 66.0 +£9.1 48.1 +155 61.0+ 145 <0.001 0.497 <0.001 <0.001
Superonasal 72.6 + 8.2 66.6 + 11.6 50.7 + 17.1 63.2 +£ 15.8 <0.001 0.145 <0.001 <0.001
Superotemporal 70.5 + 7.2 66.1 +£89 499 +174 62.1 +£149 <0.001 0.310 <0.001 <0.001
Inferior 65.2 + 6.0 639 +89 486+ 139 592 +12.6 <0.001 0.862 <0.001 <0.001
Inferonasal 70.2 + 7.7 643 +90 487+ 143 61.04+ 14.0 <0.001 0.076  <0.001 <0.001
Inferotemporal 71.6 £ 9.7 652 +94 492 +172 620+ 158 <0.001 0.112  <0.001 <0.001

mGCC thickness (pum)
Average 106.2 + 9.4 954 +11.5 737+ 155 91.7 +184 <0.001 0.002 <0.001 <0.001
Superior 106.5 + 9.2 96.1 + 12.1 73.8 +£21.6 92.1 £20.6 <0.001 0.019 <0.001 <0.001
Superonasal 118.0 + 11.5 104.6 £ 16.1 79.3 + 18.2 100.5 +22.4 <0.001 0.002 <0.001 <0.001
Superotemporal 94.8 +£9.2 87.0 £ 11.1 67.8 +21.1 83.1 +£18.7 <0.001 0.087  <0.001 <0.001
Inferior 103.8 + 104 943 +17.2 739 +18.1 90.6 +£19.9 <0.001 0.038 <0.001 <0.001
Inferonasal 117.7 £ 12.7 1034 £ 162 79.6 + 16.1 100.2 + 21.8 <0.001 <0.001  <0.001 <0.001
Inferotemporal 96.4 + 11.0 87.1 +12.6 67.8 +244 837 +£209 <0.001 0.080 <0.001 <0.001

Values are presented as mean + SD unless otherwise indicated.
*Posthoc comparison by Scheffe's method; 'p-values were calculated by analysis of variance (ANOVA) assuming unequal variance.
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Table 3. Multinomial logistic regression for glaucoma with normal as a reference

Variable Early glaucoma Advanced glaucoma
OR 95% CI of OR p-value OR 95% CI of OR p-value
cpRNFL thickness (um)
Average 0.87 0.82-0.93 <0.001 0.61 0.50-0.74 <0.001
Superior 0.91 0.87-0.95 <0.001 0.81 0.76-0.87 <0.001
Inferior 0.95 0.93-0.98 0.001 0.83 0.77-0.89 <0.001
Nasal 0.99 0.95-1.02 0.432 0.89 0.84-0.93 <0.001
Temporal 0.96 0.93-1.00 0.032 0.90 0.87-0.94 <0.001
mGCIPL thickness (pm)
Average 0.87 0.79-0.96 0.005 0.68 0.60-0.79 <0.001
Superior 0.95 0.90-1.01 0.113 0.82 0.76-0.89 <0.001
Superonasal 0.93 0.88-0.99 0.016 0.87 0.81-0.92 <0.001
Superotemporal 0.94 0.88-1.00 0.036 0.82 0.76-0.88 <0.001
Inferior 0.99 0.94-1.03 0.583 0.82 0.76-0.89 <0.001
Inferonasal 0.92 0.86-0.98 0.008 0.82 0.76-0.89 <0.001
Inferotemporal 0.93 0.88-0.99 0.016 0.83 0.77-0.89 <0.001
mGCC thickness (um)
Average 0.89 0.84-0.95 <0.001 0.77 0.70-0.84 <0.001
Superior 0.91 0.86-0.96 0.001 0.83 0.77-0.88 <0.001
Superonasal 0.93 0.89-0.97 0.001 0.85 0.81-0.9 <0.001
Superotemporal 0.92 0.86-0.97 0.005 0.82 0.77-0.89 <0.001
Inferior 0.95 0.92-0.99 0.013 0.88 0.83-0.92 <0.001
Inferonasal 0.92 0.88-0.97 0.001 0.84 0.80-0.90 <0.001
Inferotemporal 0.95 0.92-0.99 0.013 0.88 0.84-0.92 <0.001

OR = odds ratio; CI = confidence interval; cpRNFL = circumpapillary retinal nerve fiber layer; mGCIPL = macular ganglion cell inner
plexiform layer; mGCC = macular ganglion cell complex.

Table 4. Diagnostic performance of ocular measurements for glaucoma patients from nomal group

Variables Early glaucoma Advanced glaucoma
SEN SPE ACC AUC (95% CI) SEN SPE ACC AUC (95% CI)
cpRNFL thickness (um)
Average 0.74 0.89 0.82 0.84 (0.74-0.94) 1.00 1.00 1.00 1.00 (1.00-1.00)
Superior 0.94 0.70 0.82 0.87 (0.78-0.96) 1.00 0.92 0.96 0.99 (0.98-1.00)
Inferior 0.69 0.84 0.76 0.79 (0.68-0.90) 1.00 0.97 0.99 1.00 (0.99-1.00)
Nasal 0.54 0.68 0.61 0.60 (0.46-0.73) 0.81 0.97 0.89 0.90 (0.83-0.98)
Temporal 0.46 0.84 0.65 0.65 (0.52-0.78) 0.76 0.86 0.81 0.86 (0.77-0.94)
mGCIPL thickness (pm)
Average 0.89 0.43 0.65 0.70 (0.57-0.82) 0.92 0.97 0.95 0.98 (0.95-1.00)
Superior 0.54 0.73 0.64 0.60 (0.46-0.73) 0.92 0.81 0.86 0.93 (0.88-0.98)
Superonasal 0.57 0.78 0.68 0.67 (0.54-0.80) 0.78 0.89 0.84 0.89 (0.81-0.96)
Superotemporal 0.54 0.78 0.67 0.65 (0.52-0.78) 0.86 0.89 0.88 0.93 (0.87-0.99)
Inferior 0.46 0.78 0.62 0.58 (0.44-0.72) 0.92 0.95 0.93 0.94 (0.88-1.00)
Inferonasal 0.80 0.57 0.68 0.71 (0.59-0.83) 0.89 0.84 0.86 0.92 (0.86-0.98)
Inferotemporal 0.74 0.59 0.67 0.68 (0.56-0.81) 0.81 0.92 0.86 0.93 (0.87-0.98)
mGCC thickness (um)
Average 0.69 0.78 0.74 0.78 (0.67-0.89) 0.95 0.97 0.96 0.99 (0.98-1.00)
Superior 0.74 0.68 0.71 0.74 (0.62-0.86) 0.86 0.97 0.92 0.96 (0.93-1.00)
Superonasal 0.77 0.73 0.75 0.79 (0.67-0.90) 0.89 0.97 0.93 0.95 (0.91-1.00)
Superotemporal 0.71 0.73 0.72 0.73 (0.61-0.85) 0.86 0.89 0.88 0.95 (0.90-0.99)
Inferior 0.77 0.65 0.71 0.72 (0.60-0.84) 0.92 0.86 0.89 0.94 (0.88-1.00)
Inferonasal 0.69 0.73 0.71 0.77 (0.67-0.88) 0.97 0.86 0.92 0.97 (0.94-1.00)
Inferotemporal 0.69 0.73 0.71 0.72 (0.60-0.84) 0.89 0.89 0.89 0.94 (0.87-1.00)

Sensitivity, specificity and accuracy were computed using the threshold by Youden's index. 95% CI of AUC was calculated by Delong's
method.

SEN = sensitivity; SPE = specificity; ACC = accuracy; AUC = area under the curve; CI = confidence interval; cpRNFL = circumpapillary
retinal nerve fiber layer; mGCIPL = macular ganglion cell; inner plexiform layer; mGCC = macular ganglion cell complex.
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Figure 2. Comparison of area under the curve (AUC) of retinal nerve fiber layer (RNFL), macular ganglion cell inner plexiform lay-
er (nGCIPL) and macular ganglion cell complex (mGCC) for distinguishing glaucoma from normal group. (A) Receiver operating
characteristics (ROC) curve for detection of early glaucoma, (B) curve for detection of advanced glaucoma. p-values for comparing
the AUCs were calculated by Delong's method. cpRNFL = circumpapilary retinal nerve fiber layer; AVG = average.
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