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Optical coherence tomography
and optical coherence tomography
angiography findings in optic nerve
hypoplasia and their relationships
with visual acuity

Min Chae Kang, Kyung-Ah Park™ & SeiYeul Oh**

This study aimed to quantitatively assess the thickness of the peripapillary retinal nerve fiber layer
(pRNFL) thickness, as well as the microvascular alterations in the macula and peripapillary regions,

in optic nerve hypoplasia (ONH) patients compared to normal controls. This was achieved through
the utilization of spectral-domain optical coherence tomography (SD-OCT) and optical coherence
tomography angiography (OCTA), with a specific focus on elucidating the association between these
structural alterations and visual acuity. We included a total of 17 eyes of 12 ONH patients, and 34
eyes of age-matched 34 healthy controls. The pRNFL thickness was quantified using SD-OCT, while
OCTA facilitated the visualization and measurement of the microvascular structure images of the
superficial retinal capillary plexus (SRCP), deep retinal capillary plexus (DRCP), and radial peripapillary
capillary (RPC) segment in the macula and peripapillary area. pRNFL thickness was measured for
eight sectors (superior, temporal, inferior, nasal, superotemporal, superonasal, inferotemporal,

and inferonasal). SRCP, DRCP, and RPC were measured for four sectors (superior, temporal, inferior,
and nasal). Age, gender, and spherical equivalent refractive errors were statistically adjusted for the
analysis. Associations of structural parameters with visual acuity in ONH patients were analyzed
using Spearman correlation analysis. pRNFL thickness was significantly thinner in ONH patients than
in controls for all sectors. Vessel densities of temporal and nasal sectors in DRCP were significantly
higher in ONH patients, but vessel densities of the inferior sector in RPC were significantly lower than
those in controls. For all sectors, pRNFL thickness was strongly associated with visual acuity in ONH
patients. ONH patients showed significant pRNFL thinning and microvascular alterations compared to
controls, and pRNFL thickness was strongly associated with visual function. OCT and OCTA are useful
tools for evaluating optic disc hypoplasia and its functional status.

Keywords Deep retinal capillary plexus, Intraretinal microvasculature, Optical coherence tomography,
Optical coherence tomography angiography, Optic nerve hypoplasia, Radial peripapillary capillary segment,
Retinal nerve fiber layer, Superficial retinal capillary plexus

Optic nerve hypoplasia (ONH) is a congenital anomaly of multifactorial origin characterized by a decreased
number of optic axons and an underdeveloped optic nerve with a visual function ranging from mildly subnor-
mal vision to blindness'. ONH represents a significant etiology of pediatric blindness?. Its prevalence has been
estimated to vary from 10.9/100,000 to 17.3/100,000**. ONH can occur unilaterally or bilaterally and may be
an isolated finding or accompanied by other central nervous system abnormalities, most notably septo-optic-
dysplasia (SOD)>.

ONH is diagnosed clinically with ophthalmoscopic confirmation of a small optic disc. Several funduscopic
findings of ONH patients including tortuous retinal vessels, a “double ring sign” which consists of an outer ring
(a normal junction between the sclera and the lamina cribrosa, and an inner ring (an abnormal extension of the
retina and pigment epithelium over the outer portion of the lamina cribrosa) have been reported®. However, these
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funduscopic findings can be confusing since abnormally straight retinal vessels with reduced branching in ONH
patients have been documented’. In addition, a double ring sign does not define ONH, as a similar appearance
might be present in other conditions such as myopia®. Furthermore, ophthalmoscopic evaluation in the pediatric
population with ONH can be challenging, making diagnostic confirmation difficult®.

Spectral-domain optical coherence tomography (SD-OCT) is a noninvasive imaging tool for acquiring
detailed in vivo images of the optic nerve head, comparable to histologic samples®. To date, few studies have
investigated structural alterations of ONH using OCT. Pilat et al. have reported thinning of retinal layers in 16
ONH patients using SD-OCT®. Moon et al. have described thinning of peripapillary retinal nerve fiber layer
(pRNFL) and inner retinal layer using SD-OCT in one ONH patient compared with opposite healthy eye®. The
recent advancements in optical coherence tomography angiography (OCTA) have been instrumental in our
study, enabling detailed visualization of three-dimensional vascular structures of retinal layers and peripapil-
lary regions by auto-segmentation, and provided us with quantitative data on vessel density but also guaranteed
consistent repeatability of these measurements'’. To our best knowledge, there are few reports of OCTA findings
in congenital disc anomalies'"'%. However, such studies of ONH patients have not been reported yet.

Thus, the aim of this study was to evaluate pRNFL thickness and macular and peripapillary microvascular
alterations in ONH patients, comparing these metrics to healthy controls using SD-OCT and OCTA. Charac-
teristics between intraretinal structural alterations in ONH were also determined. Furthermore, we investigated
associations of these structural changes in SD-OCT and OCTA with visual functions in ONH patients.

Methods

This retrospective cross-sectional study was approved by the Institutional Review Board (IRB) of Samsung Medi-
cal Center (Seoul, Republic of Korea, IRB No. 2022-10-014). It was conducted in accordance with the Declara-
tion of Helsinki. This study included patients with ONH who visited the Department of Neuro-ophthalmology
at the Samsung Medical Center from January 2015 to October 2022 and underwent OCT and OCTA between
September 2015 and October 2022. Informed consent was waived by the ethics committee of the Institutional
Review Board (IRB) of Samsung Medical Center. Patient information that could exactly identify a patient was
removed prior to the data analysis.

The diagnosis of ONH was made based on clinical assessment with fundus photography. Funduscopic char-
acteristics of ONH such as small optic disc, peripapillary “double-ring sign”, and tortuosity of retinal vasculature
were observed in ONH patients. In addition, the manual Zeki method with fundus photography was used to
diagnose ONH?'. The average disc diameter (DD) was calculated by adding vertical and horizontal disc diam-
eters and dividing by two. The distance from the temporal margin of the optic disc to the fovea was measured
and half of the average DD was added to gain the optic disc to macula distance (D-M). The D-M/DD ratio was
calculated and a ratio of three or more suggested ONH diagnosis in combination with subnormal visual acuity
and/or visual field defects.

Thirty-four disease-free age-matched subjects were recruited as healthy volunteers who had undergone rou-
tine eye examinations. None of these controls had a history of ocular or neurologic disease. Healthy controls
were required to have normal visual acuity, normal intraocular pressure <21 mmHg, and normal optic discs.
Patients or healthy controls with other ophthalmic diseases (glaucoma, a refractive error greater than 6.0 diopters
of spherical equivalent or 3.0 diopters of astigmatism in either eye, retinal disease, or any optic neuropathy other
than ONH), previous retinal surgery or laser treatment, and those who were diagnosed with systemic/inflamma-
tory diseases that could affect the thickness or vessel densities of the intra-retinal layer were excluded. In healthy
controls, only right eye data were analyzed except when the data quality of the right eye was inappropriate while
the data quality of the left eye was appropriate for the analysis of retinal layer thickness. Mydriatic eye drops
(0.5% tropicamide and 0.5% phenylephrine hydrochloride) were used to dilate the pupil sufficiently to obtain
SD-OCT and OCTA images successfully.

All subjects were scanned using fundus color photography and spectral domain OCT (SD-OCT, Spectralis,
Heidelberg Engineering, Heidelberg, Germany) that provided 40,000 A-scans per second with 7 um optical and
3.5 um digital axial resolution. An automatic, real-time mode with active eye-tracking was used to automate
eye alignment (TruTrack Active Eye Tracking; Heidelberg Engineering). We obtained OCT pRNFL thickness
measurements from a 3.4-mm circular scans centered on the optic disc of each patient (Fig. 1). Microvasculatures
of retina and peripapillary were analyzed using a Topcon OCT instrument (DRI OCT Triton Plus) for all of the
subjects. The detailed protocol of measurements was described in a previous study'. The triton swept-source
OCT was employed, operating at a wavelength of 1050nm and a scan speed of 100,000 A-scans/second. A set of
three B-scans, which incorporating 500 A-scans each, were repeatedly recorded at 500 consistent locations for
each field scan in a sequential manner to ensure the consistency of vessel density measurements. The time interval
between consecutive B-scans was approximately 5 ms, this duration was factored in the mirror scan duty cycle.
The Triton OCT system includes an eye-tracker to maintain synchronization with the patient’s fixation move-
ments. It possesses the capability to recognize blinking and adjust the scan position to match, thus minimizing
motion artifacts during OCTA image creation. Two imaging sessions were undertaken for each patient, consist-
ing of a peripapillary scan (4.5 mm x 4.5 mm) centralized on the optic disc and a 3.0 mm x 3.0 mm perifoveal
scan centralized on the macula. Superficial and deep retinal capillary plexuses were automatically segregated
using the built-in layer segmentation feature on the OCT instrument software (IMAGEnet 6 V.1.14.8538). The
system conducted automated segmentation, offering various predetermined reference boundaries for en-face
projection and providing a final depth scale 2.6 um/voxel in the output. The evaluations conducted with swept-
source OCTA included vessel density, foveal avascular zone area, vascular abnormalities such as dilated capillary
endings, and the quantity of choriocapillaris flow voids. The superficial retinal capillary plexus (SRCP) stretched
from 3 um below the internal limiting membrane (ILM) to 15 um below the inner plexiform layer (IPL), while
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Figure 1. Representative images of OCT and OCTA of optic nerve hypoplasia patient (top row) and normal
control (bottom row). (A) Fundus photography; (B) pRNFL thickness (um) in OCT; (C) SRCP vessel densities
(% area) in OCTA; (D) DRCP vessel densities (% area) in OCTA; (E) RPC vessel densities (% area) in OCTA.
OCT optical coherence tomography; OCTA optical coherence tomography angiography; pRNFL peripapillary
retinal nerve fiber layer; SRCP superficial retinal capillary plexus; DRCP deep retinal capillary plexus; RPC radial
peripapillary capillary.

the deep retinal capillary plexus (DRCP) extended from 15 to 70 um beneath the IPL, conforming to the estab-
lished methodology of Park et al.'* The radial peripapillary capillary (RPC) segment extended from the ILM to
the posterior boundary of the RNFL. Vessel density was established as the proportion of area occupied by vessels
in a specified region. The software automatically fitted a 3 mm macular circle at the foveal center and generated
vessel density for each layer with high repeatability and reproducibility'®'°. Additionally, a 3 mm circle was
manually adjusted at the disc center. Pericentral vessel density was calculated as the average of four quadrants
within the macular circle, excluding the central circular zone. Five areas (center, nasal, temporal, superior, and
inferior), dividing the center of the macula and disc, are depicted. The vessel density of each area was expressed
as a percentage. Eyes with an image qualitybelow 40, or exhibiting a partial decrease in image intensity, were
disqualified. Images exhibiting significant eye movements during capture, indicated by motion artifacts involv-
ing more than three lines, discontinuities in blood vessels in OCTA images, or any inaccuracies in the location
of the optic disc margin, were also excluded. Adjustments to the margin were performed manually, and verified
by two trained graders (M.C.K and K.A.P) (Fig. 1).

Data are presented as mean + standard deviation (SD). The chi-square test, Fisher’s exact test, and Wilcoxon
rank sum test were used to compare gender, laterality, visual acuity, age, and spherical equivalent refractive
errors (SER) between ONH patients and healthy controls. To compare measurements between ONH patients
and controls, the generalized estimating equation was used with adjustments for age and SER. Benjamini-Hoch-
berg correction was used for comparing multiple outcomes of SD-OCT and OCTA measurements. Spearman
correlation analysis was used to evaluate associations of SD-OCT and OCTA parameters with visual acuity in
ONH patients. A p-value of less than 0.05 was considered statistically significant. All statistical analyses were
performed using R Statistical Software (version 3.6.3; Foundation for Statistical Computing, Vienna, Austria).

Ethical approval

This retrospective cross-sectional study was approved by the Institutional Review Board (IRB) of Samsung Medi-
cal Center (Seoul, Republic of Korea, IRB No. 2022-10-014) and carried out in accordance with the principles
of Declaration of Helsinki.

Results

This study enrolled 17 eyes of 12 subjects with ONH and 34 eyes of 34 healthy controls. The mean logMAR visual
acuity at the latest visit was significantly worse for patients than for healthy controls (0.47 +0.50 vs. 0.01 £0.05,
p<0.0001). There was no significant difference in gender, age at the time of OCT or OCT-A, or SER between
the two groups (Table 1).

Comparison of pRNFL thickness between ONH patients and the control group

PRNFL thickness measured by SD-OCT was significantly thinner in ONH patients than in controls after adjusting
for age and SER (estimates, p-value: average, —39.173, p <0.0001; superior, —39.173, p <0.0001; temporal, —49.905,
p=0.0106; inferior, —37.333, p=0.0017; nasal, —40.237, p <0.0001; supero-temporal, —51.504, p=0.0001; supero-
nasal, —53.203, p <0.0001; infero-temporal, —31.578, p=0.0477; infero-nasal, —36.238, p=0.0007) (Table 2).

Scientific Reports |

(2024) 14:7130 | https://doi.org/10.1038/s41598-024-57118-7 nature portfolio



www.nature.com/scientificreports/

p value
All subjects | ONH patients | Controls (ONH versus Controls)

No. of eyes (No. of subjects) 51 (46) 17 (12) 34 (34) -
Female (%) 22 (43.1%) 9 (52.9%) 13 (38.2%) 0.4841°*
Laterality
OD (%) 42 (82.4%) 11 (64.7%) 31 (91.2%)

0.0455°
OS (%) 9 (17.6%) 6 (35.3%) 3 (8.8%)
Visual acuity (logMAR) (mean +SD) 0.15+0.34 0.47+0.50 0.01+0.05 <0.0001°¢
Age at the time of OCT, years (mean + SD) 23.97+16.42 |24.74+17.07 23.60+16.35 | 0.9917¢
Age at the time of OCTA, years (mean +SD) 24.05+16.09 | 24.78+16.30 23.68+16.23 | 0.9442°
SER (SD) -3.42 (2.79) —4.35 (3.62) -2.95(2.19) 0.2570¢

Table 1. Demographics of patients with optic nerve hypoplasia and controls. ONH optic nerve hypoplasia;
No. number; OD oculus dexter (right eye); OS oculus sinister (left eye); SD standard deviation; OCT optical
coherence tomography; OCTA optical coherence tomography angiography; SER spherical equivalent refractive
errors. *Chi-square test; bFisher’s exact test; “Wilcoxon rank sum test. Bold value indicates p<0.05.

ONH patients | Controls Univariable analysis Multivariable analysis®

(n=17) (n=34) Estimate | 95% CI pvalue* | Estimate | 95% CI p value*
PRNFL thickness (um)
Average 65.19+30.77 103.31+£7.99 —-38.121 —55.853, -20.390 | 0.0001 -39.173 —56.906, —21.441 <0.0001
Superior 75.50+33.21 125.29+14.07 | -49.794 —69.802, -29.787 | <0.0001 | —49.905 -71.629, -28.180 | <0.0001
Temporal 63.63+£39.08 90.88+15.80 | —27.257 —49.812, -4.703 0.0201 -29.269 -51.352, -7.185 0.0106
Inferior 88.69+41.84 124.94+17.87 | -36.254 -60.236, -12.272 | 0.0039 -37.333 -60.121, -14.545 | 0.0017
Nasal 33.19+£21.79 72.41+15.34 | -39.224 —52.810, -25.639 | <0.0001 | —40.237 —52.136, -28.338 | <0.0001
ST 96.00+40.25 145.26+£24.20 | —49.265 —73.442,-25.087 |0.0001 -51.504 —-76.649, -23.360 | 0.0001
SN 54.06 +28.44 107.41+16.23 | —53.349 —-71.352,-35.347 | <0.0001 | -53.203 —-72.437,-33.969 | <0.0001
IT 114.25+£50.27 144.44+29.42 | -30.191 —60.429, 0.047 0.0503 -31.578 —-62.839, -0.317 0.0477
IN 63.00+36.36 98.76+£26.79 | -35.765 -56.916, -14.613 | 0.0014 -36.238 -56.607, -15.869 | 0.0007

Table 2. Comparisons of spectral domain-optical coherence tomography measures in eyes of optic nerve
hypoplasia patients and controls. ONH optic nerve hypoplasia; n numbers; pRNFL peripapillary retinal

nerve fiber layer; ST superotemporal; SN superonasal; IT inferotemporal; IN inferonasal; CI confidence
interval. Values are shown as mean + standard deviation. Estimate and 95% CI were calculated by Generalized
Estimating Equation (GEE). *p value was calculated by Benjamini-Hochberg correction for multiple outcomes.
"Multivariable analysis with adjustment for age and spherical equivalent refractive errors. Bold value indicates
p<0.05.

Comparison of vessel densities between ONH patients and the control group

Vessel densities of DRCP were significantly higher in ONH patients than in controls (average, 2.693, p =0.0120;
temporal, 3.770, p =0.0086; nasal, 4.934, p=0.0043). In the temporal sector of SRCP, vessel densities were higher
in patients than in controls, although the significance was only marginal (temporal, 2.874, p=0.0581). In contrast,
vessel density in the inferior sector of RPC segments was significantly lower in ONH patients than in controls
(inferior, -10.848, p=0.0001) (Table 3).

Associations of pRNFL thickness, vessel densities, with final visual acuity in ONH patients

For all sectors, thicker pRNFL thickness was significantly associated with better visual acuity of ONH patients
with age and SE adjustments by Spearman correlation analysis (average, r=-0.741, p=0.0361; superior, r =—0.741,
p=0.0361; temporal, r=-0.594, p=0.0361; inferior, r=—0.626, p=0.0361; nasal, r=-0.558, p=0.0361; supero-
temporal, r=-0.661, p=0.0361; supero-nasal, r=-0.686, p=0.0361; infero-temporal, r=-0.727, p=0.0361;
infero-nasal, r=-0.653, p=0.0361). Among sectors, pRNFL thicknesses of superior and inferotemporal sectors
were strongly associated with visual acuity (Table 4, Fig. 2). Associations between OCTA measurements and
visual acuity were also analyzed. There was no significant relationship between vessel densities measured with
OCTA and visual acuity by Spearman correlation analysis (Table 4).

Discussion

This study quantitatively evaluated alterations in the retinal nerve fiber layer and microvasculatures in ONH
patients compared with age-matched healthy controls. Associations between these structural changes with visual
function were also analyzed. Our study showed significant pRNFL thinning of all sectors in ONH patients com-
pared to controls, consistent with the results of previous studies. Several previous studies have reported OCT
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ONH patients | Controls Univariable analysis Multivariable analysis®
(n=17) (n=34) Estimate | 95% CI pvalue* | Estimate | 95% CI p value*

SRCP, % area

Average 50.03+4.23 48.64+1.86 1.386 -0.751, 3.523 0.3055 1.278 -0.753, 3.310 0.2175
Superior 49.58£5.75 49.52+2.20 0.052 —-2.832,2.936 0.9716 0.455 -2.172, 3.081 0.7342
Temporal 51.46+5.83 48.30+2.77 3.163 0.158, 6.168 0.1066 2.874 0.465, 5.283 0.0581
Inferior 48.18+5.65 49.07+£3.68 | -0.893 —-3.936, 2.150 0.6783 —0.982 —4.311, 2.347 0.6759
Nasal 50.90+6.61 47.67 £2.67 3.222 —-0.046, 6.490 0.1066 2.766 0.006, 5.527 0.0990
DRCP, % area

Average 53.55+4.12 50.80+2.78 2.749 0.361, 5.136 0.0481 2.693 0.704, 4.682 0.0120
Superior 53.20+4.52 52.69+4.80 0.518 -2.057, 3.094 0.6931 0.538 —-2.155,3.231 0.6955
Temporal 53.25+6.68 49.48+4.89 3.774 0.151,7.398 0.0618 3.770 1.184, 6.357 0.0086
Inferior 53.57+£5.25 51.96+5.14 1.601 -1.810, 5.011 0.4291 1.529 -2.022, 5.081 0.4784
Nasal 54.17+£6.58 49.07 £3.46 5.102 1.467, 8.736 0.0178 4.934 1.898,7.970 0.0043
RPC, % area

Average 56.20+8.02 60.38+£2.89 | -4.178 -8.159,-0.197 | 0.0793 —4.576 -8.819, -0.332 | 0.0691
Superior 64.26+11.31 69.40+£4.88 | -5.147 —10.584, 0.291 0.0953 -5.697 -11.752, 0.359 0.0978
Temporal 52.40+13.73 51.34+5.27 1.064 —-6.572, 8.699 0.7849 1.288 —5.674, 8.250 0.7169
Inferior 61.14+13.13 70.17+5.36 | —-9.033 —-15.549, -2.517 | 0.0198 —-10.848 -15.775,-5.921 | 0.0001
Nasal 47.01+13.10 50.60+£5.18 | —3.597 -11.015, 3.821 0.4103 -3.045 -11.810, 5.719 0.5950

Table 3. Comparisons of optical coherence tomography angiography measures in eyes of optic nerve
hypoplasia patients and controls. ONH optic nerve hypoplasia; # numbers; SRCP superficial retinal capillary
plexus; DRCP deep retinal capillary plexus; RPC radial peripapillary capillary; CI confidence interval. Values
are shown as mean + standard deviation. Estimate and 95% CI were calculated by Generalized Estimating
Equation (GEE). *P value was calculated by Benjamini-Hochberg correction for multiple outcomes.
®Multivariable analysis with adjustment for age and spherical equivalent refractive errors. Bold value indicates
p<0.05.

findings in ONH patients. Pilat et al. have reported significant pRNFL (nasally) and ganglion cell layer (GCL)
(nasally and temporally) thinning using SD-OCT in 16 ONH patients®. pRNFL and GCL thinning supported
the theory of ONH occurring because of the retrograde RNFL atrophy during fetal development, as similar
changes were described in optic nerve atrophy®. This could explain that the coexistence of SOD might be one
possible causal factor of ONH'”!8. Other studies have also reported results of pPRNFL thinning in ONH patients
using SD-OCT*%,

We compared vessel densities of the macula and peripapillary regions measured by OCTA in ONH patients
and controls. In SRCP, extending from 3 um below the ILM to 15 pm below the IPL in the macula, there was
only a marginally significant increase in vessel density in the temporal sector between the two groups. In DRCP,
extending from 15 to 70 um below the IPL in the macula, vessel densities of the temporal and nasal sectors were
significantly higher in ONH patients than in controls. So far, vessel densities of ONH measured by OCTA have
not been reported. A previous study using OCT has found thinning of pRNFL, but increased central retinal thick-
ness in ONH because of the changes in GCL, IPL, and outer plexiform layer (OPL)°. Increased central macular
thickness reported in the previous study as well as increased microvascular densities in this study suggest arrested
foveal development in ONH, which has similar structures of foveal hypoplasia®. During normal prenatal and
early postnatal periods, centrifugal movement of inner retinal layers leads to the formation of the foveal pit®. At
the same time, the thickening of IS and OS layers and widening of ONL occur?'. Continuation of IPL, OPL, and
ONL in the fovea in ONH suggests arrested foveal development®. These findings are consistent with a previous
report that studied OCT findings of 29 eyes of 18 ONH patients compared with 21 eyes of 21 controls, in which
eyes with ONH showed 17 subnormal fovea (a normal foveal depression that seemed shallow due to thinning of
the GCC around the fovea), 7 foveal hypoplasia, and 5 atypical fovea abnormalityzo. In contrast, microvascular
densities of the inferior sector of RPC of peripapillary regions of ONH patients were significantly lower than in
healthy controls. Our study also showed thinner pRNFL in ONH patients in all sectors, consistent with previ-
ous studies>***?2, Reduced vessel densities especially in the inferior sector of peripapillary regions in this study
might be correlated with findings of a previous histopathologic study of ONH, which reported that optic nerves
of ONH showed severe axonal depletion without degenerated profiles in an inferonasal sector, with only a small
superotemporal sector having a near normal appearance’.

We also analyzed the relationships between OCT and OCTA findings with the latest visual acuity in patients
with ONH. We found a significant positive association between pRNFL thickness for all sectors and the latest
visual acuity in ONH patients. A few studies have suggested useful parameters related to visual function in ONH

patients, such as pupil reactivity®®, nystagmus®, ratio of horizontal disc diameter to disc-macula distance**-%¢,
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Correlation Partial correlation®

r 95% CI* pvalue® |r 95% CI* p value®
PRNFL thickness (um)
Average -0.720 | -0.905, -0.306 | 0.0167 —-0.741 | -0.943,-0.136 | 0.0361
Superior -0.649 | -0.877,-0.181 | 0.0217 —-0.741 | -0.930,-0.242 | 0.0361
Temporal —-0.498 | -0.814, 0.044, 0.0697 —0.594 | -0.864, -0.056 | 0.0361
Inferior -0.649 | -0.877,-0.181, |0.0217 —-0.626 | —0.887,-0.061 | 0.0361
Nasal —-0.616 | —0.864,-0.128 | 0.0283 -0.558 | —0.838,-0.044 | 0.0361
ST -0.604 | -0.859,-0.108 | 0.0284 -0.661 | -0.903,-0.102 | 0.0361
SN —-0.507 | —0.818,-0.032 | 0.0697 —0.686 | —0.909, -0.157 | 0.0361
IT -0.749 | -0.916,-0.363 | 0.0167 -0.727 | -0.929,-0.187 | 0.0361
IN -0.681 | -0.890, -0.235, |0.0217 -0.653 | -0.907, -0.050 | 0.0361
SRCP, % area
Average -0.352 | -0.744,0.219 0.4328 -0.331 | -0.722,0.220 0.4700
Superior -0.228 | -0.677,0.344 0.4328 -0.178 | -0.699, 0.466 0.6066
Temporal 0.241 | -0.332, 0.684 0.4328 0.332 | -0.419,0.814 0.4711
Inferior —0.487 | -0.809, 0.058 0.2315 —-0.582 | -0.895,0.114 0.2829
Nasal -0.255 | -0.692,0.319 0.4328 -0.310 | —0.745,0.311 0.4711
DRCP, % area
Average 0.288 | —0.286, 0.710 0.4772 0.352 | -0.394, 0.818 0.5380
Superior -0.190 | -0.655,0.378 0.5142 -0.134 | -0.590, 0.387 0.6276
Temporal 0.197 | -0.372, 0.659 0.5142 0.177 | —0.496, 0.717 0.6276
Inferior —-0.341 | -0.738,0.231 0.4654 —-0.616 | -0.924,0.177 0.3499
Nasal 0.419 | -0.144,0.777 0.4089 0.475 | -0.477,0.914 0.5380
RPC, % area
Average —0.464 | —0.789, 0.064 0.3015 -0.552 | -0.862, 0.058 0.2189
Superior —-0.216 | —0.655,0.333 0.6603 -0.263 | —0.735,0.380 0.5740
Temporal -0.410 | -0.762,0.130 0.3015 -0.457 | -0.762,0.014 0.2189
Inferior —-0.144 | -0.611, 0.398 0.7311 —-0.034 | -0.408, 0.350 0.8670
Nasal -0.390 | -0.752,0.153 0.3015 -0.426 | -0.823,0.250 0.4193

Table 4. Associations of spectral domain-optical coherence tomography and optical coherence tomography
angiography parameters with Final visual acuity in optic nerve hypoplasia patients. pRNFL peripaillary retinal
nerve fiber layer; ST superotemporal; SN superonasal; IT inferotemporal; IN inferonasal; SRCP superficial
retinal capillary plexus; DRCP deep retinal capillary plexus; RPC radial peripapillary capillary; CI confidence
interval. *95% CI for correlation coefficients using z-transformation. *Spearman correlation analysis.
¢Adjustment for age and spherical equivalent refractive errors. Bold value indicates p <0.05.

orbital optic nerve diameter from MRI scans®*, OCT parameters?, visual-evoked potential (VEP) threshold and
amplitude®?>%, and electroretinogram (ERG) parameters®. Skriapa-Manta et al. have recently reported rela-
tionships between OCT parameters and visual acuity?’. They analyzed data from 37 eyes with ONH and found
that thinner mean pRNFL and mean GCC were correlated to poor visual acuity and greater visual field defects?.
Our study results were consistent with their findings. However, we found no correlations between macular and
peripapillary vessel densities in OCTA and visual acuity in patients with ONH. Further studies are needed to
reveal the clinical implications of microvascular alterations in ONH.

Our study has several limitations. First, we analyzed a small number of ONH patients. Thus, a further large-
scale study is needed. Second, the quantification of vessel density was conducted using OCTA, in which the
angiographic signal was based on movement. OCTA measurements encompassed large blood vessels, which
might have increased the susceptibility of quantification bias. Alterations in vessel density could result from a
combination of major vessels. Third, the ONH patients in this study were homogenous in ethnicity. Thus, the
direct application of these data to other races might need caution.

This study was the first to quantify microvascular changes in ONH patients compared to healthy controls.
We found significantly higher vessel densities in sectors of DRCP (average, temporal, nasal) in ONH with lower
vessel densities in the inferior sector of RPC in ONH patients than in controls. We also demonstrated thinner
PpRNFL in patients with ONH and their significant relationship with visual function. These results suggest that
OCT and OCTA can be useful tools for evaluating ONH and its functional status. Further research is needed to
clarify the clinical significance of microvascular alterations in ONH.
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Figure 2. Scatter plots showing significant associations of spectral domain-optical coherence tomography
parameters of pRNFL thickness with visual acuity in optic nerve hypoplasia patients. (A) Significant association
between thicker average pRNFL and better visual acuity (r=-0.741, p=0.0361); (B) Significant association
between thicker superior pRNFL and better visual acuity (r=-0.741, p=0.0361); (C) Significant association
between thicker temporal pRNFL and better visual acuity (r=-0.594, p=0.0361); (D) Significant association
between thicker inferior pRNFL and better visual acuity (r=-0.626, p=0.0361); (E) Significant association
between thicker nasal pRNFL and better visual acuity (r=-0.558, p=0.0361); (F) Significant association
between thicker superotemporal pRNFL and better visual acuity (r=-0.661, p=0.0361); (G) Significant
association between thicker superonasal pRNFL and better visual acuity (r=-0.686, p=0.0361); (H) Significant
association between thicker inferotemporal pRNFL and better visual acuity (r=-0.727, p=0.0361); (I)
Significant association between thicker inferonasal pRNFL and better visual acuity (r=-0.653, p=0.0361).
PRNFL, peripaillary retinal nerve fiber layer.

Data availability
All data are available upon request from the corresponding author.

Received: 27 October 2023; Accepted: 14 March 2024
Published online: 26 March 2024

References

1. Saadati, H. G., Hsu, H. Y., Heller, K. B. & Sadun, A. A. A histopathologic and morphometric differentiation of nerves in optic nerve
hypoplasia and Leber hereditary optic neuropathy. Arch. Ophthalmol. 116, 911-916. https://doi.org/10.1001/archopht.116.7.911
(1998).

2. Solebo, A. L., Teoh, L. & Rahi, J. Epidemiology of blindness in children. Arch. Dis. Child. 102, 853-857. https://doi.org/10.1136/
archdischild-2016-310532 (2017).

3. Patel, L., McNally, R. J., Harrison, E., Lloyd, I. C. & Clayton, P. E. Geographical distribution of optic nerve hypoplasia and septo-
optic dysplasia in Northwest England. J. Pediatr. 148, 85-88. https://doi.org/10.1016/j.jpeds.2005.07.031 (2006).

4. Teidr Fahnehjelm, K., Dahl, S., Martin, L. & Ek, U. Optic nerve hypoplasia in children and adolescents; prevalence, ocular charac-
teristics and behavioural problems. Acta Ophthalmol. 92, 563-570. https://doi.org/10.1111/a0s.12270 (2014).

5. Pilat, A, Sibley, D., McLean, R. J., Proudlock, F. A. & Gottlob, I. High-resolution imaging of the optic nerve and retina in optic
nerve hypoplasia. Ophthalmology 122, 1330-1339. https://doi.org/10.1016/j.ophtha.2015.03.020 (2015).

6. Garcia-Filion, P. & Borchert, M. Optic nerve hypoplasia syndrome: A review of the epidemiology and clinical associations. Curr.
Treat. Options Neurol. 15, 78-89. https://doi.org/10.1007/s11940-012-0209-2 (2013).

7. Borchert, M. & Garcia-Filion, P. The syndrome of optic nerve hypoplasia. Curr. Neurol. Neurosci. Rep. 8, 395-403. https://doi.org/
10.1007/s11910-008-0061-7 (2008).

8. Strouthidis, N. G. et al. A comparison of optic nerve head morphology viewed by spectral domain optical coherence tomography
and by serial histology. Invest. Ophthalmol. Vis. Sci. 51, 1464-1474. https://doi.org/10.1167/iovs.09-3984 (2010).

9. Moon, D. & Park, T. K. Optical coherence tomographic findings in optic nerve hypoplasia. Indian J. Ophthalmol. 61, 596-598.
https://doi.org/10.4103/0301-4738.121088 (2013).

10. Al-Sheikh, M., Tepelus, T. C., Nazikyan, T. & Sadda, S. R. Repeatability of automated vessel density measurements using optical
coherence tomography angiography. Br. J. Ophthalmol. 101, 449-452. https://doi.org/10.1136/bjophthalmol-2016-308764 (2017).

11. Abe, M., Omodaka, K., Kikawa, T. & Nakazawa, T. Radial peripapillary capillary density in superior segmental optic hypoplasia
measured with OCT angiography. BMC Ophthalmol. 20, 199. https://doi.org/10.1186/s12886-020-01453-6 (2020).

12. Cennamo, G., Rossi, C., Ruggiero, P., de Crecchio, G. & Cennamo, G. Study of the radial peripapillary capillary network in con-
genital optic disc anomalies with optical coherence tomography angiography. Am. J. Ophthalmol. 176, 1-8. https://doi.org/10.
1016/j.2j0.2016.12.016 (2017).

13. Zeki, S. M., Dudgeon, ]. & Dutton, G. N. Reappraisal of the ratio of disc to macula/disc diameter in optic nerve hypoplasia. Br. J.
Ophthalmol. 75, 538-541. https://doi.org/10.1136/bjo.75.9.538 (1991).

14. Lee, G. I, Park, K. A,, Oh, S. Y. & Kong, D. S. Changes in parafoveal and peripapillary perfusion after decompression surgery in
chiasmal compression due to pituitary tumors. Sci. Rep. 11, 3464. https://doi.org/10.1038/s41598-021-82151-1 (2021).

15. Park, J. J., Soetikno, B. T. & Fawzi, A. A. Characterization of the middle capillary plexus using optical coherence tomography
angiography in healthy and diabetic eyes. Retina 36, 2039-2050. https://doi.org/10.1097/iae.0000000000001077 (2016).

Scientific Reports |

(2024) 14:7130 |

https://doi.org/10.1038/s41598-024-57118-7 nature portfolio


https://doi.org/10.1001/archopht.116.7.911
https://doi.org/10.1136/archdischild-2016-310532
https://doi.org/10.1136/archdischild-2016-310532
https://doi.org/10.1016/j.jpeds.2005.07.031
https://doi.org/10.1111/aos.12270
https://doi.org/10.1016/j.ophtha.2015.03.020
https://doi.org/10.1007/s11940-012-0209-2
https://doi.org/10.1007/s11910-008-0061-7
https://doi.org/10.1007/s11910-008-0061-7
https://doi.org/10.1167/iovs.09-3984
https://doi.org/10.4103/0301-4738.121088
https://doi.org/10.1136/bjophthalmol-2016-308764
https://doi.org/10.1186/s12886-020-01453-6
https://doi.org/10.1016/j.ajo.2016.12.016
https://doi.org/10.1016/j.ajo.2016.12.016
https://doi.org/10.1136/bjo.75.9.538
https://doi.org/10.1038/s41598-021-82151-1
https://doi.org/10.1097/iae.0000000000001077

www.nature.com/scientificreports/

16. Forte, R., Haulani, H., Dyrda, A. & Jiirgens, 1. Swept source optical coherence tomography angiography in patients treated with
hydroxychloroquine: Correlation with morphological and functional tests. Br. J. Ophthalmol. 105, 1297-1301. https://doi.org/10.
1136/bjophthalmol-2018-313679 (2021).

17. Ramakrishnaiah, R. H., Shelton, J. B., Glasier, C. M. & Phillips, P. H. Reliability of magnetic resonance imaging for the detection
of hypopituitarism in children with optic nerve hypoplasia. Ophthalmology 121, 387-391. https://doi.org/10.1016/j.ophtha.2013.
07.001 (2014).

18. Brodsky, M. C. & Glasier, C. M. Optic nerve hypoplasia. Clinical significance of associated central nervous system abnormalities
on magnetic resonance imaging. Arch. Ophthalmol. 111, 66-74. https://doi.org/10.1001/archopht.1993.01090010070029 (1993).

19. Epstein, A. E., Cavuoto, K. M. & Chang, T. C. Utilizing optical coherence tomography in diagnosing a unique presentation of
chiasmal hypoplasia variant of septo-optic dysplasia. J. Neuroophthalmol. 34, 103-104. https://doi.org/10.1097/wno.0000000000
000092 (2014).

20. Katagiri, S. et al. Retinal structure and function in eyes with optic nerve hypoplasia. Sci. Rep. 7, 42480. https://doi.org/10.1038/
srep42480 (2017).

21. Hendrickson, A., Possin, D., Vajzovic, L. & Toth, C. A. Histologic development of the human fovea from midgestation to maturity.
Am. ]. Ophthalmol. 154, 767-778.e762. https://doi.org/10.1016/j.aj0.2012.05.007 (2012).

22. Skriapa-Manta, A. et al. Optical coherence tomography can predict visual acuity in children with optic nerve hypoplasia. Clin.
Ophthalmol. 16, 3785-3794. https://doi.org/10.2147/0pth.S387084 (2022).

23. Borchert, M., McCulloch, D., Rother, C. & Stout, A. U. Clinical assessment, optic disk measurements, and visual-evoked potential
in optic nerve hypoplasia. Am. J. Ophthalmol. 120, 605-612. https://doi.org/10.1016/s0002-9394(14)72207-x (1995).

24. Kruglyakova, J., Garcia-Filion, P, Nelson, M. & Borchert, M. Orbital MRI versus fundus photography in the diagnosis of optic
nerve hypoplasia and prediction of vision. Br. . Ophthalmol. 104, 1458-1461. https://doi.org/10.1136/bjophthalmol-2019-315524
(2020).

25. McCulloch, D. L., Garcia-Filion, P, Fink, C., Chaplin, C. A. & Borchert, M. S. Clinical electrophysiology and visual outcome in
optic nerve hypoplasia. Br. J. Ophthalmol. 94, 1017-1023. https://doi.org/10.1136/bjo.2009.161117 (2010).

26. Weiss, A. H. & Kelly, J. P. Acuity, ophthalmoscopy, and visually evoked potentials in the prediction of visual outcome in infants
with bilateral optic nerve hypoplasia. J. AAPOS 7, 108-115. https://doi.org/10.1016/mpa.2003.51091853102420046 (2003).

Author contributions

S.Y.O and K.A.P designed and conducted the study. M.C.K and K.A.P collected the data, managed the study, and
interpreted the data. M.C.K drafted and revised the manuscript. S.Y.O and K.A.P have reviewed and approved
the final version of the manuscript.

Funding
This study was supported by a National Research Foundation of Korea (NRF) grant funded by the Korean gov-
ernment (MSIT) (No. NRF-2021R1A2C1007718) to Kyung-Ah Park.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to K.-A.P. or S.Y.O.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:7130 | https://doi.org/10.1038/s41598-024-57118-7 nature portfolio


https://doi.org/10.1136/bjophthalmol-2018-313679
https://doi.org/10.1136/bjophthalmol-2018-313679
https://doi.org/10.1016/j.ophtha.2013.07.001
https://doi.org/10.1016/j.ophtha.2013.07.001
https://doi.org/10.1001/archopht.1993.01090010070029
https://doi.org/10.1097/wno.0000000000000092
https://doi.org/10.1097/wno.0000000000000092
https://doi.org/10.1038/srep42480
https://doi.org/10.1038/srep42480
https://doi.org/10.1016/j.ajo.2012.05.007
https://doi.org/10.2147/opth.S387084
https://doi.org/10.1016/s0002-9394(14)72207-x
https://doi.org/10.1136/bjophthalmol-2019-315524
https://doi.org/10.1136/bjo.2009.161117
https://doi.org/10.1016/mpa.2003.S1091853102420046
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Optical coherence tomography and optical coherence tomography angiography findings in optic nerve hypoplasia and their relationships with visual acuity
	Methods
	Ethical approval

	Results
	Comparison of pRNFL thickness between ONH patients and the control group
	Comparison of vessel densities between ONH patients and the control group
	Associations of pRNFL thickness, vessel densities, with final visual acuity in ONH patients

	Discussion
	References


