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PURPOSE. To evaluate the clinical utility of wide-field fundus autofluorescence (FAF) in patients
with cone dystrophy and cone-rod dystrophy.

METHODS. Sixteen patients with cone dystrophy (CD) and 41 patients with cone-rod dystrophy
(CRD) were recruited at one institution. The right eye of each patient was included for
analysis. We obtained wide-field FAF images using a ultra-widefield retinal imaging device and
measured the area of abnormal FAF. The association between the area of abnormal FAF and
the results of visual acuity measurements, kinetic perimetry, and electroretinography (ERG)
were investigated.

RESULTS. The mean age of the participants was 51.4 6 17.4 years, and the mean logarithm of
the minimum angle of resolution was 1.00 6 0.57. The area of abnormal FAF correlated with
the scotoma measured by the Goldman perimetry I/4e isopter (q ¼ 0.79, P < 0.001). The area
also correlated with amplitudes of the rod ERG (q ¼ �0.63, P < 0.001), combined ERG a-
wave (q ¼ �0.72, P < 0.001), combined ERG b-wave (q ¼ �0.66, P < 0.001), cone ERG (q
¼ �0.44, P ¼ 0.001), and flicker ERG (q ¼ �0.47, P < 0.001).

CONCLUSIONS. The extent of abnormal FAF reflects the severity of functional impairment in
patients with cone-dominant retinal dystrophies. Fundus autofluorescence measurements are
useful for predicting retinal function in these patients.
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Inherited retinal dystrophy is a major cause of blindness in
developed countries.1 The disease affects more than 2 million

patients worldwide, and multiple causative genes have been
identified.2 Inherited retinal dystrophy can be categorized in
four major groups: rod-dominant diseases, cone-dominant
diseases, generalized retinal degenerations, and vitreoretinal
disorders.2 Cone dystrophy (CD) and cone-rod dystrophy
(CRD) represent types of cone-dominant dystrophy.2 Patients
with panretinal cone-dominant degeneration are diagnosed
with CD when rod function is preserved and diagnosed with
CRD when rod function is impaired.

Rod functions are impaired relatively early in patients with
CRD.3 In addition, those who were originally diagnosed with
CD can exhibit rod dysfunction once the condition has
advanced.3,4 The remaining rod photoreceptors and peripheral
retinal function determine the extent of visual field loss, which
is critical to a patient’s quality of life.4 Although electroreti-
nography (ERG) is a standard technique for objectively
evaluating the extent of remaining rod function, the examina-
tion is not easy to perform repeatedly in daily clinical practice.

Fundus autofluorescence (FAF) imaging is a noninvasive
modality that allows the researcher to evaluate the status of
photoreceptor cells and the retinal pigment epithelium. This
technique can be used to visualize the distribution of lipofuscin
and other fluorophores in these tissues; an increased FAF signal
is thought to reflect the abnormal accumulation of fluorophores,
whereas a decreased FAF signal seems to result from atrophy of

the RPE.5–7 In addition, a recent study showed that disruption of
the outer retina causes increased FAF.8 All of these changes can
be associated with retinal dysfunction. In fact, previous studies
reported several characteristic FAF abnormalities in inherited
retinal dystrophies, such as retinitis pigmentosa,9–15 Stargardt
disease,16–19 CD, and CRD.19–21 However, conventional FAF
imaging approaches have focused largely on the central 30–558

of the fundus due to the angle of view possible with the devices
used for autofluorescence imaging. There is little available
information about peripheral FAF in CD or CRD.

The Optos (Optos PLC, Dunfermline, UK) is a novel wide-
field imaging device that allows for a 2008 view of the retina,
rendering the retinal periphery easily accessible to photogra-
phy and evaluation.22 Several studies have reported the utility
of Optos technology for the evaluation of FAF in chorioretini-
tis,23 retinal detachment,24 age-related macular degeneration,25

and retinitis pigmentosa.13 In this study, we examined wide-
field FAF images of patients with CD and CRD and compared
the associated findings with other clinical parameters including
visual acuity as well as the results of Goldmann perimetry (GP)
and ERG.

METHODS

We examined consecutive patients with CD or CRD who visited
the Department of Ophthalmology and Visual Sciences, Kyoto
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University Graduate School of Medicine, Kyoto, Japan during
the period from March 2012 through November 2013. The
protocol of the study adhered to the tenets of the Declaration
of Helsinki. Approval was obtained from the Institutional
Review Board (IRB)/Ethics Committee of the Kyoto University
Graduate School of Medicine. The aim of the study and the
measurement procedures were explained to the study partic-
ipants; written informed consent was obtained from each
participant.

Each patient’s diagnosis was agreed upon by two retinal
specialists (AO, MO). The diagnosis of CD was based on a
progressive decline in visual acuity, the presence of a central
scotoma, and reduced cone responses on full-field ERG, with
normal rod responses. Full-field ERG was recorded according
to the protocol recommended by the International Society for
Clinical Electrophysiology of Vision (ISCEV) 2008.26 Cone-rod
dystrophy was diagnosed when the patient exhibited a
progressive decline in visual acuity, a central scotoma, and
reduced cone and rod responses on full-field ERG, with cone
function equally or more severely reduced than rod function.
Atrophic changes to the macular were confirmed in each
patient using ophthalmoscopy and OCT images. When the two
graders disagreed with regard to the diagnosis, another retinal
specialist (KO) arbitrated. We excluded patients with Stargardt
disease, central areolar choroidal dystrophy, pattern dystrophy,
vitelliform macular dystrophy, age-related macular degenera-
tion, rod-cone dystrophy, cystoid macular edema, syndromic
disorders, and systemic disease such as a malignant tumor or
hematological malignancy. Patients with a media opacity that
impaired image quality were also excluded. The right eye of
each patient was chosen for analysis.

Clinical Assessment

We determined each patient’s inheritance trait based on his or
her family history. Best-corrected visual acuity was obtained
from each patient using Landolt C charts. These values were
then converted to the logMAR equivalent. All patients
underwent dilated slit-lamp biomicroscopy, fundus examina-
tions, and OCT imaging, which was performed using a spectral
domain-OCT device (Spectralis; Heidelberg Engineering, Ger-
many). As stated above, full-field ERG recording was performed

according to the recommendations of the ISCEV 2008.26 The
protocol includes the following settings: dark-adapted 0.01
ERG (rod response); dark-adapted 3.0 ERG (combined rod-cone
response); light-adapted 3.0 ERG (cone response); light-
adapted 3.0 flicker (30-Hz flicker). The amplitude of each
component was used for subsequent analyses.

Visual Field

Visual field testing was performed using a Goldmann perimeter
(Haag Streit, Bern, Germany). The results were scanned and
analyzed with ImageJ software (http://imagej.nih.gov/ij/; pro-
vided in the public domain by the National Institutes of Health,
Bethesda, MD, USA). The magnification scale was calibrated
first using the radius of the central 908 as is presented on
standard recording paper. Under this system of calibration, a
length of 632 pixels was equivalent to 10.8 cm on the visual
field recording paper. The scotoma area, as defined by the I/4e
white test light, was traced and measured with the software.
We included the blind spot of Mariotte when it was included
within the extended scotomal area. The results were given in
square centimeter units.

Wide-Field Fundus Autofluorescence

Wide-field fundus photographs and FAF images were obtained
with a ultra-widefield retinal imaging system. This instrument
uses green light at 532 nm for excitation and captures the
emitted signal with a detector for light from 570–780 nm.
Although the retinal imaging system (Optos PLC) can acquire
images from a nonmydriatic eye, we routinely dilated the pupils
for concurrent OCT scans and ophthalmoscopic examinations.

We measured the area of abnormal FAF with ImageJ software
(http://imagej.nih.gov/ij/; provided in the public domain by the
National Institutes of Health, Bethesda, MD, USA). Any area of
hypoautofluorescence or hyperautofluorescence was consid-
ered as abnormal FAF. To reduce the influence of eyelashes or
eyelid shadow, we first excluded the most peripheral part of the
image and cropped an elliptical area of 3000 3 2100 pixels from
the original 3900 3 3072–pixel image for analysis (Fig. 1). Two
of the authors (MO, AO), who were blinded to the patients’
clinical characteristics, measured each image individually; the

FIGURE 1. A wide-field FAF image of an eye with cone-rod dystrophy (left) and the measurement method employed in the present study. The
measurement was done within the 3000 3 2100–pixel elliptical area. The area containing abnormal hyper- and hypo-FAF was traced, and the
percentage within the elliptical area was calculated (right).
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mean value was used for analysis. The results obtained as pixel
values were converted into a percentage of the elliptical area
analyzed (abnormal FAF area/analyzed area).

Statistical Analyses

Statistical analyses were performed using statistical software
(SPSS version 21.0; SPSS Science, Chicago, IL, USA). The results
of descriptive analyses are reported as the mean 6 standard
deviation. Associations between clinical characteristics and the
area of abnormal FAF were assessed with Spearman’s rank
correlation test. A P value of <0.05 was considered statistically
significant.

RESULTS

Clinical Characteristics

We enrolled a total of 63 patients. Wide-field FAF was
successfully performed in all cases. None of the patients

complained of a deterioration in visual function or discomfort
after the examination. After excluding two patients with poor-
quality images and four patients who were found to share
consanguinity with other participants, we evaluated 57 eyes of
57 patients (32 men and 25 women). The mean age was 51.4
6 17.4 years (range, 12–82 years), and the mean logMAR
score was 1.00 6 0.57 units (range, 0–2 units). The study
included 16 CD patients and 41 CRD patients. The inheritance
pattern was autosomal dominant in 12 patients, autosomal
recessive in 11 patients, X-linked in one patient, and sporadic
in 33 patients. Thirty-two participants had previously submit-
ted to causative mutation screening. The results showed
ABCA4 mutations in six patients (four CD patients and two
CRD patients), GUCY2D mutations in two CD patients, and a
CRX mutation in one CRD patient. There were no significant
correlations between the area of abnormal FAF and age or
logMAR score.

Correlation Between the Results of Visual Field and

FAF Examinations

The scotoma size measurements obtained by Goldmann
perimetry are presented in the Table. Eight patients could
not recognize the I/4e white test light anywhere in the visual
field. All of these were the patients with abnormal FAF
throughout the fundus, who were excluded from the
corresponding analysis. Even after excluding these patients,
scotoma size correlated well with the area of abnormal FAF
(Figs. 2, 3).

Correlation Between the Results of

Electroretinography and FAF Examinations

The results of the full-field ERG examinations are presented as
mean 6 standard deviation in the Table. The area of abnormal
FAF correlated well with ERG results under all conditions. The
larger the area of abnormal FAF, the smaller the amplitude of
ERG recordings (Fig. 3). The correlation was relatively strong

TABLE. The Results of Clinical Assessments and the Correlation With
Area of Abnormal FAF

Characteristics Mean 6 SD q P Value

Age, y 51.4 6 17.4 �0.09 0.51

LogMAR VA 1.00 6 0.57 0.23 0.08

GP I/4e scotoma size, cm2* 18.8 6 16.9 0.79 <0.001

Full-field ERG, lV

Dark-adapted 0.01 44.0 6 35.0 �0.63 <0.001

Dark-adapted 3.0 A wave 88.1 6 59.0 �0.72 <0.001

Dark-adapted 3.0 B wave 127.2 6 83.2 �0.66 <0.001

Light-adapted 3.0 B wave 43.1 6 34.7 �0.44 <0.001

Light-adapted 3.0 flicker, 30 Hz 37.5 6 30.0 �0.47 <0.001

q, correlation coefficient with the area of abnormal FAF; logMAR
VA, logarithm of minimum angle of resolution visual acuity.

* Eight patients who were unable to detect the I/4e white test light
were excluded.

FIGURE 2. Representative images of wide-field fundus autofluorescence and Goldmann perimetry of eyes with cone or cone-rod dystrophy. Note
that cases with larger areas of abnormal FAF showed larger scotoma areas defined by the I/4e white test light (area segmented in gray, lower row).
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in rod as well as combined responses and moderate for cone
and flicker responses.

DISCUSSION

In the present study, we used wide-field FAF to evaluate
patients with CD and CRD. The results showed that the extent
of abnormal FAF correlates with the visual field and the results
of ERG. This result demonstrates that wide-field FAF is clinically
useful for predicting visual function in patients with CD and
CRD.

The area of abnormal FAF was associated with scotoma size
as measured with GP. In addition, the location and size of the
scotoma seemed to correspond to the area of abnormal FAF as
shown in Figure 2. The association between abnormal FAF and
visual field defects was consistent with our previous report on
retinitis pigmentosa.13 The present findings confirm the
relationship between abnormal FAF and visual field defects in
patients with CD or CRD as well as rod-dominant retinal
dystrophy.

The association between the area of abnormal FAF and
retinal function was also confirmed by the results of full-field
ERG. The amplitude of the rod, cone, or combined responses
decreased as the area of abnormal FAF increased, which would
be expected considering the close correlation between visual
field defects and changes in ERG amplitude.27 We consider that

the use of wide-field FAF rather than conventional macular FAF
is a reason for the strong correlation. Wide-field FAF can
evaluate the peripheral retina; thus, the measurement corre-
lated well with the results of GP or full-field ERG, which
reflects function throughout the retina.

The association between cone function and the area of
abnormal FAF was weaker than that of rod function and
abnormal FAF area. This evidence suggests that FAF mainly
reflects the function of rod photoreceptors. For example, the
distribution of FAF roughly matches the distribution of rod
photoreceptors.28 In addition, the number of foveal cone-
derived phagosomes in the RPE was one-third that of
extrafoveal rod-derived phagosomes.29 Larger areas of abnor-
mal FAF represent more advanced stages or more severe
phenotypes of the disease as manifest in rod function.
Therefore, the association between larger areas of abnormal
FAF and more pronounced cone dysfunction might reflect
disease severity rather than cone cell loss itself.

There was no significant association between visual acuity
and the area of abnormal FAF, as was expected from the nature
of the examination. While the wide-field imaging device (Optos
PLC) obtains a wide-field view of the retina, visual acuity only
reflects foveal function. More specific examination tools such
as static perimetry, microperimetry, contrast sensitivity mea-
surement, and focal macular ERG would be more suitable for
evaluating foveal function. Appropriate examinations should
be employed to evaluate the area or the function of interest.

FIGURE 3. Scatter plots showing the relationship between the area of abnormal FAF and clinical characteristics. The area of abnormal FAF
correlated well with visual function results on Goldman perimetry or ERG. The area of abnormal FAF showed no correlation with visual acuity or
age.
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Previous studies focused on a ring of hyper-FAF around the
degenerated retina. The finding was reported for patients with
retinitis pigmentosa,14,15 autoimmune retinopathy,30 and age-
related macular degeneration, respectively.31,32 The increase in
FAF adjacent to the atrophic area is considered to represent the
presence of melanolipofuscin or changes in the metabolic
activity of RPE cells.7 This change sometimes precedes a visible
change in appearance or retinal function7 and is attracting
attention. For example, in patients with retinitis pigmentosa, the
size of the ring is associated with visual function,9,10 and the
radius of the ring constricts as the disease progresses.14 As
shown in the figures, the hyper-FAF ring was generally confirmed
in cases whose decreased FAF area was confined to the area
surrounding arcade vessels. Patients with decreased FAF that
extends to the periphery will rarely, if ever, exhibit such a ring.
One reason for the absence of the ring in advanced cases would
be the distribution of lipofuscin: highest at approximately 108
from the fovea then decreasing toward the periphery.33 The
decreased background FAF may make it difficult to identify
hyperautofluorescence in the periphery. Although we compared
the clinical characteristics of patients with and without the ring,
there was no significant difference. To evaluate the significance
of the ring in CD and CRD, a longitudinal study is required.

Notably, this study included patients with CD and CRD.
Although these diseases are differentiated clinically, they share
major characteristics and there can be overlap between them.34

For example, patients with CD can manifest rod dysfunction in
the advanced stage of disease.3,4 There is also overlap among the
genes believed to cause these diseases.2,3,35 Therefore, physi-
cians must assess visual function in each patient without
presumptions based upon the initial clinical diagnosis. The
present results showed that the FAF pattern can roughly indicate
the associated degree of retinal function regardless of a patient’s
clinical diagnosis. Accordingly, we might be able to evaluate
patients with cone-dominant dystrophy to elaborate a spectrum
of disease severity. Considering the difficulty in differentiating
various manifestations of cone-dominant dystrophy, especially in
advanced stages of disease, such an examination would facilitate
patient treatment.

The present study has several limitations, including its cross-
sectional study design and the relatively small number of
patients, which was determined by the disease’s prevalence. In
addition, we had to exclude eight patients who did not respond
to the I/4e isopter from the analysis. If these patients had been
included, the difference between type 3 and type 1 or 2 would
have been larger. Submitting each patient to mutation identifi-
cation would have furthered our understanding.

Finally, we demonstrated the close correlation of wide-field
FAF findings and visual function in CD and CRD. This type of
noninvasive examination can be a practical indicator of the
patient’s visual field and retinal responses to light. Longitudinal
studies will be necessary to further characterize the related
decline in visual function. The findings would serve as a
clinical guide when diagnosing, evaluating, or following
patients with CD or CRD.
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