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Abstract

Purpose: We compared the thickness of circumpapillary retinal nerve fiver layer (cpRNFL) and
macular ganglion cell layer with inner plexiform layer (GCL + IPL) using Cirrus HD-OCT (Ver.6.0:
Carl Zeiss). Materials and Methods: This study included 12 eyes of normal controls, 10 eyes of pre-
perimetric glaucoma (PPG) with loss of RNFL either in superior or in inferior hemisphere without
visual field defects, and 22 eyes of glaucoma eyes with visual field defects restricted to upper he-
mifield (UHFD: early 10 eyes, severe 12 eyes). The cpRNFL thickness analyzed from disk center by
dividing into 12 sectors. The GCL + IPL thickness analyzed from central fovea by dividing into six
sectors. Both compared between normal eye group and other 3 groups using the average value of
each sectors. Result: The cpRNFL and the GCL + IPL thickness were obviously thin as compared
with normal eyes. Conclusion: Even if it is in the state where abnormalities are not detected using
the Humphrey field Analyzer, it is suggested that the early structural change of glaucoma has al-
ready arisen.
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1. Introduction

Glaucoma is an optic neuropathy characterized by loss of retinal ganglion cell (RGC) and thinning of retinal
nerve fiber layer (RNFL), and diagnosed by a characteristic alteration of optic nerve head, loss of retinal nerve
fiber, defect of visual field. However, when detected abnormal by the funduscopy or visual field testing, 20% to
40% of RGC has already disappeared [1] [2]. Earlier studies have shown that the thickness of circumpapillary
retinal nerve fiver layer (cpRNFL) begins to decrease before visual field loss [3] [4]. It is difficult to detect the
point of disappearance of RGC, or the thinning of RNFL correctly by traditional funduscopy diagnosis and visu-
al field test. There is an issue that a glaucomatous detection is overdue. It is thought required for a glaucomatous
early checkup to evaluate quantitatively the structural change of RGC and RNFL. Recently, the spectral domain
optical coherent tomography (SD-OCT) is progressing, so it becomes possible to observe and analyze thickness
of ganglion cell layer (GCL) and RNFL easily. By using SD-OCT, for glaucomatous eyes, the structure of ma-
cula and optic nerve head are examined, and Ganglion Cell Complex (GCC) and the cpRNFL are used as a
measurement parameter. The GCC is the sum of RNFL, RGC, inner plexiform layer (IPL) at macular regions. In
glaucomatous eyes, the GCC and the cpRNFL are thinner than normal eyes, so, these are useful for the diagnosis of
glaucoma [5]-[7]. However, the GCL has been reported to be the early site of glaucomatous damage compared with
RNFL and IPL, as shown in experimental model [8]. In the thickness analysis of GCC including RNFL, a possibil-
ity that is guessed we miss an early glaucomatous structural change. As opposed to this, the Cirrus HD-OCT
(Ver6.0: Carl Zeiss) added the Ganglion Cell Analysis to the existing Glaucoma OU Analysis which was program
of the analysis for the cpRNFL. The Ganglion Cell Analysis analyzes the thickness of two layers (GCL + IPL)
which excluded RNFL from traditional GCC (RNFL + GCL + IPL). By using this Ganglion cell Analysis, we can
consider a possibility to detect an early structural change of glaucoma more sensitively. In this study, we compared
the thickness of the cpRNFL and the GCL + IPL using Cirrus HD-OCT (Ver.6.0: Carl Zeiss) in normal eyes, pre-
perimetric glaucoma (PPG) eyes with loss of RNFL in the superior or inferior hemisphere without visual field de-
fects, and glaucoma eyes with visual field defects restricted to the upper hemifield defect (UHFD).

2. Materials and Methods

This study protocol adhered to the tenets of the Declaration of Helsinki, and informed consent was obtained
from each subjects.

The subjects were 44 eyes of 32 patients (18 eyes of males, 26 eyes of females) who receive regular outpa-
tient treatment for glaucoma or undergo examination for glaucoma suspicion (mean age: 61.2 + 10.5 years,
mean equivalent refractive error: —2.04 + 2.65D). The visual field was examined by the Humphrey Visual Field
Analyzer 740 (Carl Zeiss) using Swedish Interactive Threshold Algorithm 30-2 SITA Standard program. From
the obtained result, we judged that their visual fields are normal or abnormal based on the judging standard of
Anderson Patella [9]. Moreover, upper visual hemifield defects in glaucomatous eyes were defined that three
points of probability symbols were not contiguous in the total deviation plot of the inferior hemifield, and the
extent classified based on the Hodapp-Anderson-Parrish classification [7]. Then we divided the subjects into
four groups, normal eyes, PPG eyes, early UHFD eyes, severe UHFD eyes. The glaucoma diagnosis was deter-
mined by checking glaucomatous defects of optic disk and RNFL with an ophthalmoscopic examination and a
fundus photograph, and having a corresponding abnormal visual field. As a result, normal eyes were 12 eyes,
PPG eyes were 10 eyes, early UHFD eyes were 10 eyes, severe UHFD eyes were 12 eyes. The age, gender, intra
ocular pressure by Goldmann applanation tonometer, spherical equivalent refractive error, mean deviation (MD)
value, pattern standard deviation (PSD) value of each group were shown in the Table 1. There were significant
differences in MD value and PSD value among 4 groups (p < 0.0001: one-way ANOVA). There were no differ-
ences with age, gender, intraocular pressure, and equivalent refractive error significant among 4 groups (one-
way ANOVA, gender: chi-square test). In addition, we gave sufficient explanation about the purport of this re-
search, and after obtaining consent, we performed the following measurement. The cpRNFL and the GCL + IPL
thickness measured by Cirrus HD-OCT (Ver.6.0: Carl Zeiss). The 6 mm square area (200 A-can x 200 A-scan)
focusing on the optic disk was measured using the Optic Disk Cube 200 x 200 scan protocol. The circumference
of 1.73 mm from center of optic nerve disk was divided automatically into 12 sectors using Glaucoma OU
Analysis, and the cpRNFL thickness of each sector was analyzed. We used the average value of each sector for
examination. In addition, we assigned 12 sectors to the 12th sector clockwise by making into the 1st sector the
1:00 direction which is a clock. The direction of 11, 12 and 1:00 were decided to superior side, the direction of 2,
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Table 1. Background of subjects.

No(;mzallgles P(EG= %‘;s UH(?I;I}éyes Uljli\gr;/es p-value
(n=10) (n=10)

Age (year) 64.8 +10.2 55.2+9.6 61.8 +10.0 59.4 9.0 0.1453
Gender (M / F) 4/8 4/6 5/5 5/7 0.6330
10P (mHg) 15.8+3.3 16.0+6.5 143+35 13.2+2.0 0.1608
Equivalent refractive error (D) —0.54 +1.48 —2.24+£2.05 -3.30+3.34 —2.38+251 0.0696
MD value (dB) 1.45+0.85 0.63 + 1.67 -2.49+0.80 8.50 + 2.60 <0.0001
PSD value (dB) 1.68+0.33 1.80 £ 0.30 ~7.14+3.35 13.07 + 3.56 <0.0001

PPG eyes: preperimetric glaucoma eyes; UHFD eye: glaucomatous upper-hemifield defect eyes; MD value, PSD value were measured using Humph-
rey Visual Field Analyzer 740 (Carl Zeiss) using Swedish Interactive Threshold Algorithm 30-2 SITA Standard program one-way ANOVA, gender:
chi- square test.

3 and 4:00 were decided to nasal side, the direction of 5, 6 and 7:00 were decided to inferior side, the direction
of 8, 9 and 10:00 were decided to temporal side (Figure 1). The 6 mm square area (200 A-can x 200 A-scan)
focusing on the macula was measured using the Macular Cube 200 x 200 scan protocol. The ellipse of 4.0mm
long x 4.8 mm side from center of fovea (excluding ellipse of long 1.0 mm x wide 1.2 mm) was divided auto-
matically into 6 sectors(superior-nasal sector: SN, superior sector: S, superior-temporal sector: ST, inferior-nasal
sector: IN, inferior sector: I, inferior-temporal sector: IT) using the Ganglion Cell Analysis, and the GCL + IPL
thickness of each sector was analyzed. We used the average value of each of sector for examination (Figure 2).
However, in order to be equivalent for UHFD eye, we carry out an up-and-down inversion which is the result of
four PPG eyes with RNFL defect in only superior hemisphere, and we added it to six PPG eyes with RNFL de-
fect in only inferior hemisphere, and used it for examination. We compared the cpRNFL thickness and the GCL
+ IPL thickness between normal eye group and other three groups. Dunnett’s test was used statistical analysis,
p-values less than 0.05 were accepted as statistically significant.

3. Results

In inferior hemisphere that was equivalent to visual field defects, the cpRNFL thickness was significantly thin-
ner than normal eyes, the early UHFD eyes were decrease in sector 5, 6, 7 (total 3 sectors), the severe UHFD
eyes were decrease in sector 5, 6, 7, 8 (total 4 sector), the PPG eyes were decrease in sector 5, 6, 7 (total 3 sec-
tors). In superior hemisphere that was equivalent to normal visual field, the cpRNFL thickness was significantly
thinner than normal eyes, the early UHFD eyes were decrease in sector 11, 12, 1 (total 3 sectors), the severe
UHFD eyes were decrease in sector 11, 12, 1, 2 (total 4 sector), the PPG eyes were decrease in sector 1 (Table 2;
Figure 3).

In inferior hemisphere, the GCL + IPL thickness was significantly thinner than normal eyes, the early UHFD
eyes were decrease in 3 sector (sector IT, I, IN), the severe UHFD eyes were decrease in 3 sector (sector IT, I,
IS), the PPG eyes were decrease in 1 sector (sector ). In superior hemisphere, the GCL + IPL thickness was
significantly thinner than normal eyes, the early UHFD eyes were decrease in 1 sector (sector SN), the severe
UHFD eyes were decrease in 3 sector (sector SN, S, ST), the PPG eyes were decrease in 2 sector (sector SN, ST)
(Table 3; Figure 4).

4. Discussion

Recently, the examination of RGC and RNFL in glaucoma eye has piled up using remarkable developed OCT.
Tan et al. had used the Time-domain OCT and SD-OCT showed that glaucoma leads to thinning of macular
nerve fiver, ganglion cell, inner prexiform layers, which was apparent even before visual field changes were de-
tected [10] [11]. Lee et al. had reported that the cpRNFL thickness measured by a SD-OCT was thinner in glau-
coma eyes, and the cpRNFL thickness correlated with visual sensitive defects [12]. Moreover, Wu et al. ac-
cepted abnormalities by a frequency doubling technology (FDT) in the normal visual field with hemifield defect
of glaucoma eye measured by Humphrey Visual Field Analyzer [13]. Takagi et al. reported that the cpRNFL thick-
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Figure 1. Measurement/Analysis of the cpRNFL. The 6 mm square area (200 A-can x
200 A-scan) focusing on the optic disk was measured using the Optic Disk Cube 200 x
200 scan protocol. The circumference of 1.73 mm from center of optic nerve head was
divided automatically into 12 sectors using Glaucoma OU Analysis, and the cpRNFL
thickness of each sector was analyzed. We assigned 12 sectors to the 12th sector clock-
wise by making into the 1st sector the 1:00 direction which is a clock. The direction of
11, 12 and 1:00 were decided to superior side, the direction of 2, 3 and 4:00 were de-
cided to nasal side, the direction of 5, 6 and 7:00 were decided to inferior side, the direc-
tion of 8, 9 and 10:00 were decided to temporal side.
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Figure 2. Measurement/Analysis of the GCL + IPL. The 6 mm square area (200 A-can x
200 A-scan) focusing on the macula was measured using the Macular Cube 200 x 200
scan protocol. The ellipse of 4.0 mm long x 4.8 mm side from center of fovea (excluding
ellipse of long 1.0 mm x wide 1.2 mm) was divided automatically into 6 sectors (Supe-
rior-nasal side: SN, superior side: S, superior-temporal side: ST, inferior-nasal side: IN,
inferior side: I, inferior-temporal side: IT) using Ganglion Cell Analysis, and the GCL +
IPL thickness of each sector was analyzed.
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Figure 3. Results or the cpRNFL thickness. In inferior hemisphere that was equivalent to
visual field defects, the cpRNFL thickness was significantly thinner than normal eyes,
the early UHFD eyes were decrease in 3 sectors, the severe UHFD eyes were decrease in
4 sectors, the PPG eyes were decrease in 3 sectors. In superior hemisphere that was equi-
valent to normal visual field, the cpRNFL thickness was significantly thinner than nor-
mal eyes, the early UHFD eyes were decrease in 3 sectors, the severe UHFD eyes were
decrease in 4 sectors, the PPG eyes were decrease in 1 sector. The results of statistical
analysis were shown in Table 2.

ness, the GCC (RNFL + GCL + IPL) thickness of normal and abnormal hemisphere with the glaucomatous he-
mifield visual defect were thinner than normal eyes [5]. For these reasons, the normal hemifield with glauco-
matous hemifeild defect measured by a static perimetry was regarded as a preceding state which glaucomatous
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Table 2. Results of the cpRNFL thickness (um).

sector Normal eyes PPG eyes early UHFD eyes severe UHFD eyes

11 137.1+259 119.2 £22.7 103.8 + 14.2** 112.3 £ 24.4*

superior 12 118.6 £18.9 106.0 + 14.3 85.8 +24.4* 95.8 + 23.9**
1 102.8 +14.4 83.7 +11.0* 79.2 + 15.6** 82.8 + 18.5*

2 948 +26.4 64.0 +10.7 76.1 + 25.4%* 70.6 + 11.4**
nasal 3 66.8 +9.7 61.3+5.5 60.4 +18.1 59.0+10.1
4 66.8+7.1 62.4+73 572121 61.6 +10.8
5 97.8 217 715+ 18.2** 69.3 + 19.5** 70.9 £ 9.4**

inferior 6 125.3+25.1 97.5 + 17.0** 67.9 £ 13.6*** 68.4 £ 18.4***

7 135.8 +23.7 112.8 £ 25.5* 53.6 + 14.8*** 60.3 £ 9.8***

8 68.8 +12.3 78.5+19.5 60.5+11.3 51.8 +10.7**
temporal 9 57.2+11.3 58.2+9.8 61.2+6.9 56.3+12.3
10 843+179 81.8+18.3 81.3+12.3 74.6 £13.3

PPG eyes: preperimetric glaucoma eyes; UHFD eye: glaucomatous upper-hemifield defect eyes; *: p < 0.05; **: p < 0.01; ***: p < 0.001, Dunnett’s
test.

Table 3. Result of the GCL + IPL thickness (um).

sector Normal eyes PPG eyes early UHFD eyes severe UHFD eyes
SN 85.6+7.8 76.8 £ 4.6* 75.2 +10.0* 76.2 £8.7*
S 84.0+6.7 76.2+3.1 73.8+14.7 71.2 £ 14.6%
ST 81.9+6.3 74.3 £53** 76.1+59 71.3 £5.2%**
IT 82.3+6.7 76.9+58 58.6 £ 6.4*** 54.8 + 4.0***
| 81.3+57 73.2+£5.6* 66.3 £ 8.9*** 57.9 £ 5.2%**
IN 82.8+6.7 75.0+4.2 71.0 £ 11.6* 69.3 £ 8.3***

*:p <0.05; **: p < 0.01; ***: p < 0.001; Dunnett’s test superior-nasal side: SN, superior side: S, superior-temporal side: ST, inferior-nasal side: IN,
inferior side: 1, inferior-temporal side: IT.
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Figure 4. Results of the GCL + IPL thickness. In inferior hemisphere, the GCL + IPL thick-
ness was significantly thinner than normal eyes, both the early and the severe UHFD eyes
were decrease in 3 sectors, the PPG eyes were decrease in 1 sector. In superior hemisphere,
the GCL + IPL thickness was significantly thinner than normal eyes, the early UHFD eyes
were decrease in 1 sector, the severe UHFD eyes were decrease in 3 sectors, the PPG eyes
were decrease in 2 sectors. The results of statistical analysis were shown in Table 3.



F. Fujimura et al.

visual field change produces.

In this study, we compared the thickness of the cpRNFL and the GCL + IPL using Cirrus HD-OCT (Ver.6.0:
Carl Zeiss) in normal eyes, PPG eyes, UHFD eyes (early and severe). As a result, also not only in the abnormal-
ity side but the normal side of UHFD eyes, the thickness of the cpRNFL and the GCL + IPL were significantly
less than in normal eyes, we consider that it was able to detect that the glaucomatous structural change has ari-
sen in the normal visual field with a glaucomatous visual hemifield defect the same as the past reports. In addi-
tion, in this study, the cpRNFL thickness and the GCL + IPL thickness of PPG eyes were significant thinner
than normal eye, so it is suggested that in the state with the RNFL deficit, the structural change of glaucoma has
developed the same as UHFD eye, even if there are no abnormalities in the result of the Humphrey Visual Field
Analyzer. Considering the circumstances mentioned above, it is suggested that the result of measurement by the
SD-OCT can be one of the important diagnostic views in progress observation of not only glaucoma eyes but
also PPG eyes.

In the past report using the SD-OCT, the GCC which is the sum of the thickness of macular RNFL, GCL, IPL
was adopted. Anatomically, the human retina contain more than 1 million RGCs, with substantial inter individu-
al variability; approximately 50% of the cell are concentrated within 4.5 mm of fovea, and there is no variability
in the RGC population in this small parafoveal area than the RNFL population [14]. Furthermore, the axons of
not only macular RGCs but also those of some peripheral RGCs outside of macular pass through the macular
area to reach optic nerve head, so it is difficult to separate and evaluate the change of macular RGC and a cir-
cumference part from the cpRNFL thickness. Moreover, in the recent reports, the cpRNFL thickness was influ-
enced by age, ethnicity, axial length, optic disc size, and it was obviously that the result of the cpRNFL thick-
ness has brought errors [15] [16]. It is suggested that the quantitative evaluation of the macular structure is the
more sensitive method to detect a structure changes of the early glaucoma. However, the GCL has been reported
to be the early site of glaucomatous damage, as shown in experimental models [7]. In the past examinations, it is
guessed the macular GCC including the RNFL is without high ability to detect a glaucomatous structural
change.

The Ganglion Cell Analysis in the Cirrus HD-OCT is the program to analyze only two layers thickness (GCL
and IPL) excluding RNFL. Compared with evaluation of GCC, it is thought that the GCL + IPL analysis (Gan-
glion cell Analysis) has potential to be useful for glaucoma early detection. Mwanza et al. reported that the abil-
ity of macular GCIPL parameters to discriminate normal eyes and early glaucoma eyes is high and comparable
to that of the best cpRNFL and ocular nerve head parameters [17]. In this study, we have not carried out com-
parison of the power to detect of the GCL + IPL, and the GCC (RNFL + GCL + IPL) and the cpRNFL. It needs
future developments.

5. Conclusion

In this study, we compared the thickness of the cpRNFL and the GCL + IPL using Cirrus HD-OCT (Ver.6.0:
Carl Zeiss) in normal eyes, PPG eyes, UHFD eyes. As a result, not only in the abnormality side of UHFD eyes
but also in the normal side of UHFD eyes and PPG eyes, the thickness of the cpoRNFL and the GCL + IPL were
significantly less than in normal eyes. It is suggested that in the state with RNFL deficit, the structural change of
glaucoma has developed, even if there are no abnormalities in the result of the Humphrey Visual Field Analyzer.
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