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Abstract

Purpose To measure retinal nerve fiber layer thickness

(RNFLT) and ganglion cell complex thickness (GCCT) in

eyes with no light perception due to nonglaucomatous optic

neuropathy using spectral-domain optical coherence

tomography.

Methods Fourteen eyes of 14 patients (9 women, 5 men;

mean age 56.0 ± 16.6 (standard deviation) years] with no

light perception due to optic neuropathy were recruited to

this retrospective study. Only clinically stable eyes were

included. Eyes were imaged at least 6 months after the

onset of the disease. Five patients lost light perception due

to traumatic optic neuropathy, four patients had ischemic

optic neuropathy, two patients had optic neuritis, two pa-

tients had compressive optic neuropathy, and one patient

had optic nerve atrophy. Global and quadrant RNFLTs

were measured with the Cirrus HD-optical coherence to-

mography (OCT) system; global and hemisphere GCCTs

were measured by spectral-domain OCT (RTVue OCT

system). Only reliable OCT images were used for further

analysis.

Results Reliable RNFL images were obtained in 12 eyes,

and reliable GCC images were obtained in 11 eyes. Global,

superior, temporal, inferior, and nasal RNFLT were

57.5 ± 6.7, 60.6 ± 7.6, 54.1 ± 11.2, 59.7 ± 9.5, and

55.6 ± 7.4 lm, respectively. Global, superior, and inferior

GCC thicknesses were 68.8 ± 9.6, 70.7 ± 12.2, and

67.8 ± 8.8 lm, respectively.

Conclusions A considerable proportion of RNFL and

GCC remained in eyes with no light perception vision.

Clinicians should take this into account when evaluating

the severity of optic neuropathy from OCT-measured

RNFLT and GCCT.
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Introduction

The current standard diagnosis of optic nerve disorders

such as glaucoma is based on the presence of typical

structural changes with corresponding functional deficits

[1]. The measurement of parapapillary retinal nerve fiber

layer thickness (RNFLT) with optical coherence tomogra-

phy (OCT) has been widely used to evaluate structural

damage and shown to be a useful, noninvasive, and

quantitative alternative marker of optic nerve disorders [2].

Shihota et al. reported the association between RNFLT

values measured with OCT and severity of glaucomatous

visual field damage (VFD) [3]. However, a number of

published studies have found a less than perfect corre-

spondence between structural glaucomatous damage mea-

sured with OCT and functional damage measured with VF

testing [4–6].

One possible reason for the poor agreement between the

structural and functional measures is the floor effect; that

is, the minimal value of RNFLT beyond which the RNFLT

cannot be reduced even in cases with perfect loss of retinal
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ganglion cell axons [4, 6–9]. This residual RNFL may

consist of a few resistant retinal ganglion cells and non-

neuronal components contained in the RNFL, such as

blood vessels and glial cells [10, 11]. The residual thick-

ness is an important value for relating structural measures

to functional measures, as well as for determining the stage

of glaucoma based on structural measures. Several studies

have investigated the residual RNFLT [3, 8, 12, 13], but

most of these used time-domain OCT (TD-OCT). The

newer generation of OCT systems, such as spectral-domain

OCT (SD-OCT), is characterized by a vastly improved the

scan speed and resolution relative to conventional TD-OCT

systems [14–16]. Establishing residual RNFLT measured

with SD-OCT is essential for using the SD-OCT device as

a structural measure of optic nerve damage because

RNFLT values measured with TD-OCT and SD-OCT are

not interchangeable [17]. However, there is a paucity of

research on residual RNFLT measured with SD-OCT.

In addition to parapapillary RNFLT values, macular

ganglion cell complex (GCC) thickness values that can be

measured with SD-OCT are also used to assess structural

damage of retinal ganglion cells and retinal nerve fibers

[18–20]. It is to be expected that there should also be a

floor effect for the GCC because the GCC consists of three

retinal layers in the macular region: the nerve fiber layer

(NFL), the ganglion cell layer (GCL), and the inner

plexiform layer (IPL). However, research on the residual

GCC thickness has not yet become available.

In this study, we imaged parapapillary RNFL and

macular GCC in eyes with no light perception due to

nonglaucomatous stable optic neuropathy with SD-OCT to

determine the residual thicknesses of these layers.

Patients and methods

The medical records of consecutive patients with

nonglaucomatous optic neuropathy who underwent OCT

imaging between September 2010 and December 2014

were retrospectively reviewed. All patients who met the

eligibility criteria in either eye were enrolled in the study.

Patients with no light perception vision on repeatable (at

least 2 consecutive) tests were included if the OCT images

were taken at least 6 months after the onset of the disease.

Parapapillary RNFL images were scanned with a Cirrus

HD OCT system (Carl Zeiss Meditec, Dublin, CA),

whereas macular GCC images were taken with an RTVue

OCT system (Optoview, Fremont, CA). OCT images were

reviewed by an ophthalmologist (AM) who was masked to

the patient’s clinical information. Images with noncentered

scans, inaccurate segmentation of the RNFL, or a low

signal strength index (\6 for Cirrus HD OCT, \40 for

RTVue) were excluded from the analysis. Patients with

clinical evidence of ocular hypertension, other retinal dis-

eases, inflammation, or edema were also excluded. The

clinical data of the eligible patients were collected from the

medical charts. These data included age, sex, types of optic

neuropathy, intraocular pressure, laterality, and date of

onset. This study was approved by the institutional review

board of Osaka University Hospital.

A 6 9 6-mm optic disc cube scan was obtained by

Cirrus HD-OCT. The average and quadrant parapapillary

RNFL thicknesses on a 3.46-mm-diameter circle were

provided by the system’s software. A 7 9 7-mm-square

grid scan of the central macula was obtained with the

RTVue OCT system. Average and superior and inferior

half GCC thickness values were calculated with the sys-

tem’s software.

Descriptive statistics, including the mean and standard

deviation (SD) of the participants’ characteristics and OCT

parameters were computed. RNFLT values, both globally

and for each sector, as well as GCC thickness values were

statistically compared. The correlation between age and

OCT parameters were statistically evaluated, as was the

correlation between RNFLT and GCC thickness.

Statistical analyses were performed using the statistical

programming language R � Foundation for Statistical

Computing, Vienna, Austria).

Results

Thirty eyes of 26 patients fulfilled the eligibility criteria. Of

these, 16 eyes of 12 patients were excluded due to poor

image quality or poor fixation. Therefore, data from 14

eyes of 14 patients (9 women, 5 men) were used in the

analysis. The mean ± SD of the participants’ age was

56.0 ± 16.6 years. These patients had lost light perception

because of traumatic optic neuropathy (5 eyes), ischemic

optic neuropathy (5 eyes), optic neuritis (2 eyes), and

compressive optic neuropathy (2 eyes). The clinical char-

acteristics of the included eyes are summarized in Table 1.

Reliable parapapillary RNFL measurements were ob-

tained in 12 eyes. The mean global RNFLT was

58.1 ± 7.7 lm (Fig. 1). No significant difference was

found among the global RNFLT and that of each quadrant

(P = 0.6085; Table 2). Reliable GCC measurements were

obtained in 11 eyes. The mean average GCC thickness was

65.7 ± 10.2 lm. No significant difference was found

among the average, superior half, and inferior half GCC

thickness values (P = 0.7889; Table 2).

Neither the residual global RNFL thickness nor the GCC

thickness significantly correlated with age (P = 0.373 and

0.131, respectively). The global RNFL thickness did not

correlate significantly with the average GCC thickness

(P = 0.6925).
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Discussion

In this study, we found that our patients retained a con-

siderable proportion of both the RNFL and GCC, even in

eyes with no light perception due to old and stable optic

neuropathy. This finding is in line with previous histo-

logical [10, 11], experimental [21], and in vivo imaging

investigations [3, 4, 6–9, 12, 13]. No significant regional

difference was found in the residual thickness values of the

RNFL and GCC. Residual RNFLT values measured with

TD-OCT have been reported in several published studies

[3, 8, 12]. The residual RNFLTs measured with SD-OCT in

our study were generally thicker than previously reported

residual RNFL values measured with TD-OCT. Several

studies have reported that RNFLT values measured with

different OCT instruments were not interchangeable [17,

22–25]. It is possible that the higher residual RNFLT

measurements obtained with SD-OCT systems may be due

to the higher resolution and higher scan speed of these

systems compared with TD-OCT systems. These properties

could result in the detection of very thin retinal layers with

SD-OCT that are difficult to detect with TD-OCT. Another

possible explanation for the inconsistent measurements

between SD-OCT and TD-OCT is the difference in the

levels of image smoothing. However, the authors of one

published study obtained conflicting results in which the

residual RNFLT values measured with SD-OCT were

thinner than those measured with TD-OCT [13]. This result

may be due to differences in the participant populations,

including ethnicity, type of optic neuropathy, and duration

of the disease, among the studies. In addition, it is possible

that the differences in the SD-OCT instrument used in

these studies [Spectralis (Carl Zeiss Meditec) in the pre-

vious study, Cirrus in this study] explain the inconsistency.

It is understandable that residual RNFL thickness should

also be variable among different populations and among

different devices. Clinicians should be aware of the resi-

dual RNFLT values of their own patient population mea-

sured with the OCT device that they are using so as to be

able to accurately evaluate the level of glaucomatous

structural damage.

In addition to parapapillary RNFLT measurements,

macular GCC thickness measurements have been increas-

ingly used in glaucoma practice. The GCC is a combina-

tion of the three innermost retinal layers: the NFL, GCL,

and IPL. All three layers are affected by glaucoma, and the

outer border of the IPL can be relatively easily detected

[18]. Therefore, the GCC is commonly used as a parameter

for glaucomatous macular damage, and it is critically im-

portant to determine the residual thickness of GCC. The

residual thickness profile of the GCC may be different from

that of parapapillary RNFL because the thickness distri-

butions of the three layers involved in the GCC are quite

different from each other [20]. The vulnerability to glau-

comatous damage should also be different among these

layers. However, no reports have yet been published on the

residual thickness of the GCC in human eyes. In our study,

we found that a considerable proportion of the GCC also

Table 1 Clinical characteristics of the study eyes

Number Eye Sex Age

(years)

Type of optic

neuropathy

Duration of disease

(months)

Duration of NLP

(months)

Average RNFLT

(lm)

Average GCCT

(lm)

1 Left Male 52 TON 94 32 60 67

2 Left Female 66 ION 181 37 55 81

3 Left Male 53 CON 130 54 Poora 79

4 Left Female 37 ION 44 44 76 Poor

5 Left Female 84 ION 16 13 60 81

6 Right Male 29 TON 7 2 54 60

7 Right Female 62 ON 14 1 59 Poor

8 Right Female 50 TON 7 5 50 57

9 Right Male 66 ION 81 31 60 Poor

10 Left Female 54 TON 14 9 51 58

11 Right Male 81 ON 39 7 55 64

12 Right Female 51 ION 19 18 50 61

13 Left Female 66 CON 11 4 Poor 55

14 Right Female 31 TON 71 2 68 57

NLP No light perception, RNFLT retinal nerve fiber layer thickness, GCCT ganglion cell complex thickness, TON traumatic optic neuropathy,

ION ischemic optic neuropathy, CON compressive optic neuropathy
a Poor means eyes excluded because of poor image quality
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remains in eyes without light perception. When interpreting

the measured thickness of GCC in practice, clinicians

should also keep in mind that the floor effect also exists for

the GCC.

Among the eyes of our patients, both the residual RNFL

and GCC thickness values showed significant variability.

This finding is in agreement with the results of previous

investigations that also showed significant variability in

residual RNFLT [3, 12, 13]. Several factors may explain

this variability in the residual RNFL and GCC thicknesses.

It is well known that there is significant variability in the

RNFL and GCC thicknesses of normal eyes [19, 26]. In

addition, the vascular component of RNFL has recently

been shown to decrease with progression of neuropathy in

glaucomatous eyes. Variability may also exist in the

thicknesses of the nonneuronal tissues in RNFL and GCC.

However, further research is required to clarify more pre-

cisely the factors which contribute to residual thickness

variability in the RNFL and GCC.

Normal RNFL thickness declines with age [27–34]. We

investigated the correlation between age and residual

RNFLT in our patients but found no obvious age-related

decline in residual RNFLT, possibly indicating that non-

neuronal tissues in the RNFL are not as susceptible to age-

related damage as the retinal nerve fiber. However, further

research is warranted to clarify this issue. Another feature

of normal RNFLT is the regional difference: the RNFL is

thicker in the inferior and superior quadrants and thinner in

the nasal and temporal quadrants [26]. We did not observe

any obvious regional difference in residual RNFLT in the

eyes of our patients.

There are a number of limitations to our study. First, it

was a retrospective study. Secondly, the small number of

participants could limit the power to evaluate the effects of

each parameter on the residual thicknesses. In addition, the

participants were limited to a Japanese population. Both

factors limit the direct extrapolation of these results of this

study to other populations. Thirdly, as the pattern of optic

nerve damage differs among different types of optic neu-

ropathy [35], a difference in residual thickness might exist

among the variable pathologies affecting the optic nerve.

As a result, it is uncertain whether we can apply the results

of this study to other types of optic neuropathy, such as

glaucoma. A large-scale, prospective study including var-

ious disease types and various populations with an appro-

priate number of participants to allow subgroup analyses

may be the ideal strategy. Such an undertaking, however,

will be difficult because the population of patients with no

light perception without any other disease or any history of

treatments that would influence the measurements is gen-

erally small for each particular disease type.

In summary, The RNFL and GCC in the eyes of our

patients which had lost light perception due to optic

neuropathy retained a considerable thicknesses as mea-

sured with SD-OCT. A significant variability was found in

residual RNFL and GCC thickness. No obvious regional

difference or obvious influence of age was found in the

residual thickness values. These results should be con-

sidered when clinicians interpret RNFLT and GCC

thickness values to evaluate the severity of optic

neuropathy.
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