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Abstract

PURPOSE—To characterize the extent and location of macular thinning in patients with 

unilateral optic nerve hypoplasia (ONH) as compared to the contralateral normal eye.

METHODS—The medical records of patients with unilateral ONH who underwent spectral 

domain optical coherence tomography (SD-OCT) of the macula were retrospectively reviewed. 

SD-OCT scans were manually segmented by 3 observers in 3 macular regions (superior, central, 

inferior). Boundaries identified included the inner limiting membrane, the junction between the 

inner nuclear layer and outer plexiform layer, and the neural retina–retinal pigment epithelium 

interface. Using custom MATLAB software, inner and outer retinal thickness profiles were 

quantified. A paired t test was used to compare the retinal thickness between the ONH eye and the 

contralateral normal eyes.

RESULTS—Inner retinal thickness of the ONH eye was decreased in all areas of the macula 

(superior, central, and inferior) compared to the contralateral normal eye (P < 0.05). Outer retinal 

thicknesses were also decreased in the central and inferior sections compared with the normal eye 

(P < 0.05).

CONCLUSIONS—Optic nerve hypoplasia is a congenital disease known to result in thinning of 

the nerve fiber and ganglion cell layer. Our small cohort demonstrated thinning of the inner retinal 

layers as well as the outer retinal layers in the ONH eye compared with the contralateral normal 

eye.

Optic nerve hypoplasia (ONH) is a developmental anomaly represented by a decrease in the 

number of axons within the optic nerve.1–4 Correspondingly, there is a reduced number of 

retinal ganglion cells and thinning or absence of the retinal nerve fiber layer (RNFL).5,6 

Visual acuity in patients with ONH can range from light perception to normal visual 

acuity.6,7 Various theories have been proposed to explain the pathogenic mechanism of 
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ONH, including a developmental failure of the retinal ganglion cell,8 defective cell 

migration,9 axon guidance,10 exaggerated apoptosis,11 or destructive events.12 

Environmental toxins and genetic insults have also been implicated.13

Several of these theories are supported by histologic reports showing thinning of the 

ganglion cells and RNFL with preservation of normal inner nuclear, outer plexiform, outer 

nuclear, and photoreceptor layers.11,14 However, many of these observations have been 

documented from histologic sections of stillbirths or patients with other developmental and 

central nervous system anomalies and may not be representative of isolated optic nerve 

hypoplasia. Furthermore, older children may demonstrate changes in the retina that are 

secondary, degenerative, or acquired with time, as opposed to a nonprogressive insult in 

utero.

With spectral domain optical coherence tomography (SD-OCT), structural changes in the 

optic nerve and retina can be observed and studied quantitatively in situ. The use of OCT to 

detect retinal nerve fiber layer abnormalities has been useful in ONH, including segmental 

forms of optic nerve hypoplasia.15,16 OCT has been used to study macular thickness in 

patients with optic nerve pathway gliomas,17 foveal hypoplasia,18 achromatopsia,19 and 

glaucoma20 to offer insight into functional outcomes in patients with structural optic nerve 

and retinal anomalies. The present study aimed to identify, through SD-OCT, quantitative 

differences in macular thickness in all retinal layers between ONH eyes and normal 

contralateral eyes in patients with unilateral ONH.

Subjects and Methods

Institutional review board exemption was obtained prior to initiation of research. All 

procedures conducted were in compliance with regulations outlined in the US Health 

Insurance Portability and Accountability Act of 1996. The medical records of patients with a 

history of unilateral optic nerve hypoplasia, determined by clinical evaluation by the 

managing pediatric ophthalmologist (LMK), seen between January 2010 and June 2011 at 

the University of Illinois at Chicago, were retrospectively reviewed. All patients had 

undergone SD-OCT (Spectralis, Heidelberg Engineering, Heidelberg, Germany) of the 

macula in both eyes as part of routine care in order to quantify possible visual potential. 

Inclusion criteria included a contralateral eye that appeared structurally normal without 

asymmetric ONH and visual acuity of at least 20/20. Patients with concomitant optic nerve 

or retinal disease and patients with an unreadable SD-OCT were excluded. All patients were 

further evaluated with brain and orbital MRI imaging and by pediatric neurology and 

pediatric endocrinology specialists: all patients were determined to have only isolated 

unilateral ONH.

Manual segmentation of OCT images was conducted by three independent observers (JA, 

MB, NB) using ImageJ software (http://imagej.nih.gov/ij/). From the 19 SD-OCT raster 

images for each eye, B-scan images obtained at three macular regions (superior, central, 

inferior) were selected for analysis. Superior and inferior macular regions comprised of 2 B-

scans located at 1250 μm and 1500 μm superior or inferior, respectively, to the foveal center 

(Figure 2). The central macular region was represented by 3 B-scans, through the foveal 
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center, in addition to scans 250 μm superior and inferior to the foveal center. Segmentation 

lines were drawn in three retinal layer interfaces: at the internal limiting membrane, at the 

junction between the inner nuclear layer (INL) and the outer plexiform layer (OPL), and at 

the neural retina–retinal pigment epithelium (RPE) interface (Figure 1A,B). Inner and outer 

retinal thicknesses were quantified using an automated custom Matlab software program 

(Mathworks Inc, Natick, MA). Inner retinal thickness (IRT) was defined as the difference 

between segmentation lines drawn at the internal limiting membrane and the junction of the 

INL and OPL. The IRT included the retinal nerve fiber layer and ganglion cell layer as well 

as the inner plexiform and inner nuclear layers. Outer retinal thickness (ORT) was defined as 

the difference between segmentation lines drawn at the junction of the INL and OPL and the 

RPE interface. The INL-OPL interface was chosen due to variability of the apparent 

thickness of the outer nuclear layer (ONL) due to the shifting boundary of the OPL-ONL 

interface, which we noted in a previous study.21 This variability has subsequently been 

shown to represent variable detection of Henle layer based on off-axis orientation of scan 

acquisition.22 Thus ORT in this study represented a summation of the thicknesses of the 

outer plexiform and outer nuclear layers, the photoreceptor layer, and the RPE. Thickness 

profiles were generated by averaging thicknesses over 100 μm intervals along the B-scans. 

Thicknesses were then further averaged to quantify the IRT and ORT for each of the macular 

regions for each observer (JA, MB, NB). Comparisons were then made between the eye with 

ONH and its contralateral normal eye rather than to a control group so as to avoid known 

inter-racial and age-related OCT differences. 23

Statistical Analysis

The agreement of the retinal thickness measurement of each region among the three 

observers was first assessed by using the intraclass correlation coefficient and its 95% 

confidence intervals. Analysis of variance (ANOVA) was also performed to compare the 

differences between the three observers in retinal thickness measures; the correlation of 

measures from the same eye by three observers were accounted for by using generalized 

estimating equations.

Because of high intraobserver agreement in measures of retinal thickness, the average of 

retinal thickness from the three observers was calculated and used for statistical 

comparisons. The retinal thickness (IRT, ORT, and IRT+ORT) was compared between eyes 

with ONH and the contralateral normal eyes using paired t test for each region and across all 

three regions. Their mean difference along with its 95% confidence interval was calculated. 

All the statistical analyses were performed using SAS v9.2 (SAS Institute Inc, Cary, NC), 

and two-sided P value of < 0.05 was considered to be statistically significant.

Results

A total of 5 patients (3 boys) met inclusion criteria. Demographic data are provided in Table 

1. The visual acuity in the ONH eyes ranged from 20/150 to counting fingers, and all had 

unilateral severely hypoplastic optic nerves by clinical examination. Representative SD-OCT 

B-scan images at the foveal center with segmentation lines are shown in Figure 1. The 

contralateral eye (Figure 1A) shows normal retinal thickness of all layers, both IRT and 
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ORT. In contrast, the ONH eye (Figure 1B) shows decreased thickness and hypoplasia in all 

retinal layers, including the outer retinal layers. Macular regions (superior, central, inferior) 

delineated in this analysis are shown in Figure 2.

In all three macular regions (superior, central and inferior), IRT was thinner in ONH eyes 

compared to control eyes (P < 0.05; Table 2). The mean difference in IRT, averaged over 

three graders and three macular regions, between the ONH and control eyes was 61.7 μm 

(95% CI, 47.4–71.9). In the inferior and central macular regions, ORT was thinner in ONH 

eyes compared to control eyes (P< 0.05; Table 2). ORT, averaged over three graders and 

three macular regions, was also significantly thinner in the ONH eyes compared to control 

eyes (P < 0.05), with a mean difference of 8.14 μm (95% CI, 3.49–12.8).

Retinal thickness measures from all three graders agreed well, with an intraclass correlation 

coefficient of 0.99 (95% CI, 0.97–0.99) for IRT and 0.82 (95% CI, 0.58–0.87) for ORT 

(Table 3). Mean difference between any pairs of graders was within 6.8 μm for IRT and 

within 13.4 μm for ORT (data not shown).

Discussion

To our knowledge, this is the first case series in the literature to show quantitative thinning 

of both inner and outer layers of the retina in ONH, as evidenced by SD-OCT, in patients 

with isolated unilateral ONH. By quantifying macular thickness with manual segmentation, 

we found macular thinning in all three macular sections of the IRT (superior, central, 

inferior) and two macular sections of the ORT (central, inferior). Using OCT for quantitative 

assessment of the optic nerve head, retinal nerve fiber layer, and macular thickness, 

Srinivasan and colleagues24 reported a decrease in overall macular thickness in a patient 

with unilateral ONH; however, specific retinal layers were not studied. Hoang and 

colleagues25 reported thinning of the outer retinal layers in the central and inferior macular 

regions on SD-OCT in an 8-year-old with unilateral ONH, similar to our results. In contrast, 

Park and colleagues26 reported the macular OCT analysis of a single case of presumed 

unilateral ONH and found no statistically significant difference between the outer retinal 

thickness in the ONH eye and the contralateral normal eye. However, their patient’s normal 

eye showed segmental peripapillary retinal thinning by OCT and may have had subtle or 

segmental ONH. Sampling bias must also be considered in reports of a single case.

Outer retinal thinning has been shown in other retinal diseases, such as achromatopsia19; 

however, this would be an unexpected finding in ONH if ONH was strictly limited to a loss 

of only ganglion cells and their axons.

That both the inner and outer retinal layers are involved in ONH requires an expanded 

definition of optic nerve hypoplasia, one that includes a deficit of all layers of the retina as 

well as the optic nerve. In the present study, eyes with ONH had an overall thinner ORT than 

their contralateral eyes, possibly representing an embryologic arrest in this layer or a 

targeted secondary degeneration. The reason for this thinning of the ORT is uncertain, 

although there are emerging theories involving complex signaling pathways 27 and retinal 

waves28 that seek to explain layer-specific development of the retina. Alternatively, there 
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could be secondary degeneration of the outer retina due to lack of neurotrophic factors from 

the largely absent inner retina. Although the central and inferior ORT was significantly 

thinner in eyes with ONH than in normal eyes, the superior section of the ORT was not 

found to differ significantly. Given that the thickness of the superior retina in eyes with ONH 

was thinner that of the control eyes, but not significantly so, it seems possible that a larger 

sample size may have detected a significant difference; however, we cannot exclude a 

difference in development or degeneration between the superior and inferior outer retina.

Previous OCT studies have evaluated ongoing degeneration 15 in diseases such as optic 

pathway gliomas. Our report provides information about anatomic and potentially 

developmental changes in the retina in a disease known to exist at birth. Previous work has 

demonstrated an association between ONH and peripheral retinal avascularity, at least in a 

subset of patients.29 Our findings demonstrate that ONH can be associated with subclinical 

outer retinal abnormalities. It is unclear whether these arise as part of the primary condition 

or as secondary contiguous effects of transsynaptic degeneration.

Limitations of the current study include the small sample size and the retrospective nature of 

the study design. In addition, quantitative assessment of the nerve fiber layer was not 

performed, and this may account for the majority of the thinning of the IRT thickness. The 

RNFL in the ONH eyes in this study was extremely thin or even absent; reliable 

segmentation of this layer was not possible and was therefore omitted from the study design. 

Also, it was not possible to identify the exact center of the anatomic fovea on the scans. We 

would have preferred to exclude the scans through the center of the fovea, where there is no 

IRT in both normal and ONH eyes. The inclusion of some near zero values for the IRT in the 

control eyes blunted the asymmetry of our IRT comparisons (Table 2). Regardless, a 

significant difference was found in the IRT despite not excluding the fovea region. We hope 

to conduct a prospective study involving SD-OCT at different time points in children with 

unilateral ONH in order to provide more information on the anatomic changes over time.
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FIG 1. 
Horizontal macular optical coherence tomography (OCT) of normal eye (A) and pathologic 

eye (B) with optic nerve hypoplasia. Manual segmentation delineates internal limiting 

membrane, posterior border of the outer plexiform layer, and the neural retina–retinal 

pigment epithelial junction.
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FIG 2. 
Three macular regions selected for analysis: superior macula, central macula including 

presumed central fovea, and inferior macula. “Central” sections represent segmentation 

through the presumed foveal center as well as one section 250 μm inferior and superior to 

the foveal center. “Superior” and “inferior” sections delineate 2 segments of retina 1250 μm 

and 1500 μm superior or inferior to the foveal center, respectively.
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Table 1

Demographics of patients with unilateral optic nerve hypoplasia

Patient Age, years Sex Race Visual acuity in hypoplastic eye

1 11 M African American HM

2 11 F Hispanic CF

3 12 M Hispanic 20/150

4 11 F Asian CF

5 8 M Hispanic CF

CF, counting fingers; HM, hand motions.
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Table 2

Comparison of inner and outer retinal thickness between eyes with ONH and their fellow eyes in subjects with 

unilateral ONH

Measures

Thickness, μm, mean ± SE

Mean thickness differencea (95% CI) P valueaControl eyes (n = 5) ONH eyes (n = 5)

IRT 146.5 ± 6.8 84.8 ± 2.6 61.7 (38.0 to 85.4) 0.002

 Superior 159.7 ± 13.3 87.8 ± 5.1 71.9 (43.5 to 100.2) 0.002

 Central 132.2 ± 5.6 84.7 ± 6.0 47.4 (29.4 to 65.4) 0.002

 Inferior 147.6 ± 13.7 81.9 ± 2.3 65.7 (29.2 to 102.3) 0.008

ORT 139.8 ± 2.0 131.6 ± 1.9 8.14 (3.49 to 12.8) 0.008

 Superior 132.5 ± 2.1 129.6 ± 4.1 2.88 (−3.38 to 9.15) 0.27

 Central 145.7 ± 3.2 135.5 ± 2.4 10.2 (1.47 to 19.0) 0.032

 Inferior 141.1 ± 2.7 129.8 ± 3.0 11.3 (1.27 to 21.3) 0.035

IRT+ORT 286.3 ± 7.0 216.4 ± 3.7 69.8 (46.2 to 93.4) 0.001

 Superior 292.1 ± 14.4 217.4 ± 8.6 74.8 (50.1 to 99.5) 0.001

 Central 277.9 ± 8.4 220.2 ± 5.9 57.7 (34.7 to 80.7) 0.002

 Inferior 288.8 ± 14.7 211.7 ± 4.7 77.0 (39.5 to 114.6) 0.005

CI, confidence interval; IRT, inner retinal thickness; ONH, optic nerve hypoplasia; ORT, outer retinal thickness; SE, standard error.

a
Difference and P value were calculated from paired t test.
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Table 3

Agreement between three graders in the measurement of macular thicknesses of the inner and outer retina (n = 

10 eyes of 5 patients)

Intraclass correlation (95% CI) P value for difference between graders

IRT 0.99 (0.96–1.00) 0.13

 Superior 0.99 (0.98–1.00) 0.09

 Central 0.98 (0.93–0.99) 0.13

 Inferior 0.97 (0.92–0.99) 0.23

ORT 0.82 (0.57–0.95) 0.09

 Superior 0.73 (0.41–0.92) 0.09

 Central 0.87 (0.68–0.96) 0.08

 Inferior 0.58 (0.20–0.86) 0.11

IRT+ORT 0.99 (0.97–1.00) 0.11

 Superior 0.99 (0.97–1.00) 0.14

 Central 0.98 (0.95–1.00) 0.12

 Inferior 0.99 (0.97–1.00) 0.11

CI, confidence interval; IRT, inner retinal thickness; ORT, outer retinal thickness.
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