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Abstract

The authors report the use of adaptive-optics scanning laser ophthalmoscopy (AO-SLO) to 

investigate RHO, D190N autosomal-dominant retinitis pigmentosa in two siblings (11 and 16 

years old, respectively). Each patient exhibited distinct hyperautofluorescence patterns in which 

the outer borders corresponded to inner segment ellipsoid band disruption. Areas within the 

hyperautofluorescence patterns exhibited normal photoreceptor outer segments and retinal 

pigment epithelium. However, AO-SLO imaging revealed noticeable spacing irregularities in the 

cone mosaic. AO-SLO allows researchers to characterize retinal structural abnormalities with 

precision so that early structural changes in retinitis pigmentosa can be identified and reconciled 

with genetic findings.

INTRODUCTION

Retinitis pigmentosa (RP) is a family of inherited retinal dystrophies defined clinically by 

the progressive degeneration of photoreceptors, which results from mutations in rhodopsin 

(RHO) in approximately 10% of RP cases.1–6 The substitution of asparagines (D) for 

aspartate (N) at position 190 (D190N) within rhodopsin disrupts intermolecular stability and 

impairs phototransduction.7,8

Adaptive-optics scanning laser ophthalmoscopy (AO-SLO) is a new technology that corrects 

optical aberrations, which allows for the visualization of retinal microstructures.9,10 Our 

AO-SLO prototype utilizes a dual-liquid crystal on silicon spatial light modulator (LCOS-

SLM) as a wavefront corrector. Photoreceptors can be imaged at higher resolution than is 

possible when using a deformable mirror or single LCOS-SLM.
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Structural changes to cones in RHO, D190N autosomal-dominant retinitis pigmentosa 

(ADRP) result in the abnormal accumulation of parafoveal hyperau-tofluorescence.8,11–14 

This report reexamines two siblings with RHO, D190N ADRP using AO-SLO to 

characterize the morphological, structural, and functional status of the cone mosaic.15

CASE REPORT

The direct DNA sequencing of blood serum led to the diagnosis of both siblings (aged 11 

and 16 years, respectively) with RHO, D190N ADRP. Each subject was prescribed oral 

vitamin A supplements (15,000 IU/day).16 Funduscopic examinations revealed mild, 

inferonasal migration of the retinal pigment epithelium (RPE) in case 2 (data not shown). 

Scanning laser ophthalmoscopy (HRA; Heidelberg Engineering, Heidelberg, Germany) 

showed pathologic hyperautofluorescence forming an arc pattern (Figure 2A) at the inferior 

fovea in case 2; an annulus shape was observed in case 1 (Figure 1A).

Spectral-domain optical coherence tomography (SD-OCT) (Spectralis SD-OCT; Heidelberg 

Engineering, Heidelberg, Germany) revealed preserved retinal-layer architecture within the 

area of hyperautofluorescence in each case (Figures 1B and 2D). Disruption of the inner 

segment ellipsoid band (ISe) outside the margin of hyperautofluorescence was also detected 

by SD-OCT. In both cases, measurements of outer segment and RPE thickness showed 

abnormal thinning throughout the hyperautofluorescent ring (Figures 1D and 2C). 

Microperimetry (MP-1; Nidek Technologies, Padova, Italy) showed full visual function 

within this same area; however, pockets of decreased sensitivity were observed as well 

(Figures 1C and 2B).

Selected AO-SLO images obtained at distances of 0.5, 1.0, and 1.5 mm from the fovea are 

presented with corresponding images from age-matched controls. The cone mosaic in 

normal subjects (Figure 1F) appeared as a densely packed, well-ordered matrix. Individual 

cone cells were visibly discernible from their neighbors. Size differences were observed to 

increase with eccentricity from the fovea. Images taken within 0.5 mm of the fovea appeared 

to be more densely populated with noticeably smaller cones than images obtained at and 

beyond 1.0 mm. The cone mosaic in both cases presented here appeared less contiguous 

(Figures 1E and 2E). Many cones were not individually discernible and appeared misshapen 

in comparison to those of normal subjects. Overall spacing between individual cones also 

appeared to increase (Figures 1E and 2E, white arrowheads).

DISCUSSION

Autosomal-dominant RHO, D190N is often associated with rod-cone degeneration. A 

parafoveal ring of hyperautofluorescence that represents the accumulation of lipofuscin, the 

byproduct of photoreceptor outer segment dysgenesis, is found in 59% of RP 

cases.11–14,17–21 This ring is observed to circumscribe preserved RPE and cone 

photoreceptors, allowing for the preservation of visual function in many cases.19 Notably, 

scotopic visual field testing has shown decreased rod sensitivity within areas of 

hyperautoflurescence.22 Rod photoreceptors die first in RP, so any preserved visual function 

will eventually derive entirely from cone photoreceptors. Most cellular defects, including 
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RHO, D190N, occur in rod-specific proteins, which leads to night blindness in the early 

stages of RP.

The massive loss of rods affects the regulation of metabolic pathways, particularly insulin 

and mTOR signaling in cones, resulting in cell death.23 Given the crucial and 

physiologically sensitive status of cones throughout the long course of RP, we sought to 

examine the morphological features of cones within related patients at two different time 

points of RHO, D190N RP progression.

Although the structural presence of photoreceptors has been linked to the presence of an ISe 

band detectable by SD-OCT,11 Greenstein et al reported possible structural and functional 

abnormalities within the areas of hyperautofluorescence in RP patients.24 Similar findings 

were reported in achromatopsia and cone dystrophy, leading to the suggestion that a normal 

ISe appearance can mask abnormal cone function.25 We used AO-SLO to investigate the 

structural implications of ISe appearance in areas of hyperautofluorescence and the related 

effects on cone-mediated visual function.

Each patient exhibited normal best corrected visual acuity within the preserved portion of 

the visual field. Results from MP-1 and SD-OCT measurements supported normal visual 

function and structural integrity within the area of hyperautofluorescence in both cases. Due 

to the small size of foveal cones, accurate AO-SLO imaging of cones in the fovea was not 

possible with our instrument.

While mild disruptions appear as dark spaces throughout the cone mosaics of healthy 

patients, these were found more frequently in the cases presented here. Analogous findings 

were described in a previous study that examined a family of patients afflicted with 

neurogenic muscle weakness, ataxia, and retinitis pigmentosa disease.26 

Immunofluorescence studies on the S334ter-3 transgenic mouse, a model for human RP, 

showed cone cell remodeling that involved the shortening of cone outer segments.27 This 

pattern was attributed to abnormal cone spacing. Using MP-1 technology, Yoon et al26 

found that dark, patchy regions of the cone mosaic corresponded to disturbances in the 

involved portion of the visual field. Our MP-1 results showed normal functioning at the 

foveal center and reduced function at various points within and beyond the area of 

hyperautofluorescence. Such structural disruptions may thus serve as early markers of 

functional changes.

Our structural observations of consanguineous RP cases affected by the RHO, D190N 

mutation suggest that the morphological condition of cones within and beyond the 

hyperautofluorescent ring may appear unaffected when viewed using standard ophthalmic 

imaging modalities but not when observed through AO-SLO. Similar findings were reported 

in RP patients and murine models carrying the more prevalent P23H RHO mutation.28,29 

Such findings may provide preliminary evidence for a structural-then-functional model of 

disruption in RP; however, large-scale studies will be necessary for such generalized 

conclusions.

Mutation-specific reports such as this one allow researchers to correlate varying phenotypic 

manifestations with mutations common to several genetic diseases. Our study provides high-
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quality images of the retinal microstructure at early and advanced stages of ADRP, which 

may elucidate the therapeutic potential of preserving or rescuing cone cells for restoring 

vision in other retinal diseases.
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Figure 1. 
An 11-year-old boy (case 1) with autosomal-dominant RHO, D190N retinitis pigmentosa. 

(A) Autofluorescence (AF) image of the right macula exhibiting a hyperautofluorescent ring 

around the fovea. Yellow arrowheads mark disruption to the inner segment ellipsoid band as 

detected by spectral-domain OCT (B). Dotted squares represent corresponding areas of 

adaptive-optics scanning laser ophthalmoscope imaging (AO-SLO) (E). (C) Microperimetry 

mapping reveals a decline in visual sensitivity (dB) across the hyperautofluorescent ring but 

no loss in sensitivity in areas within the ring. (D) A plot of photoreceptor outer segment and 

retinal pigment epithelial thickness across the fovea and retinal thickness in the same area 

within the ring, showing abrupt thinning beyond the borders of the ring. (E) AO-SLO 

images taken at positions 0.5, 1.0, and 1.5 mm (temporally and nasally) from the fovea. 

Corresponding areas are mapped to a 30° AF image (A). (F) AO-SLO images taken within 

the same retinal positions in an age-matched healthy subject.
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Figure 2. 
A 16-year-old boy (case 2) with autosomal-dominant RHO, D190N retinitis pigmentosa. (A) 

Autofluorescence (AF) image of the right macula showing a hypoautofluorescent, inferiorly 

concave arc around the fovea. Yellow arrowheads correspond to inner segment ellipsoid 

band disruption detected by spectral-domain OCT (D). (B) Microperimetry mapping shows 

similar declines in visual sensitivity (dB) across the hyperautofluorescent arc border; 

however, the losses in sensitivity within the arc are mild in contrast to case 1. (C) 

Photoreceptor outer segment and retinal pigment epithelial thickness across the fovea 

compared to retinal thickness in the same area within the ring and abrupt thinning beyond 

the borders of the ring. (E) Adaptive optics-scanning laser ophthalmoscope images taken at 

positions 0.5, 1.0, and 1.5 mm (temporally and nasally) from the fovea with position 

correspondence observed in the dotted boxes in an AF image (A).

Park et al. Page 7

Ophthalmic Surg Lasers Imaging Retina. Author manuscript; available in PMC 2015 March 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


