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inherited retinal disease

Results: Forty-one patients (24 females; mean age, 32 + 19 years) were included. For
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Discrepancies between
autofluorescence imaging

modalities in CNGB3-associated FAF images had continuous foveal EZ.

in 40 patients: 22 (55%) had continuous foveal EZ in both eyes; these were younger than
those with an interrupted EZ in one or both eyes (P < 0.0001). All patients discordant for

achfonf\atOPSia ano! Coffe|ati°n Wi.th Conclusions: Discordance occurred between the FAF modalities in more than one-
e”_'IOSOICI zone continuity. Trans| Vis quarter of patients; these patients were significantly younger, and all had a continu-
Sci Technol. 2025;14(5):24, ous EZ line. Investigating mechanisms of discordance could yield pathophysiological
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Translational Relevance: FAF platforms are not interchangeable; these findings could
inform the design of natural history studies and therapeutic trials for this condition.

. can be useful in diagnosis and monitoring of numerous
Introduction retinopathies, including age-related macular degener-

ation, inherited retinal diseases, and drug toxicity.

Fundus autofluorescence (FAF) imaging frequently Patterns of FAF change over time can provide insights
shows patterns of abnormality not evident on clinical into disease mechanisms, as well as the natural history
examination or on other imaging modalities, and thus and efficacy of novel therapies.
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Figure 1.

FAF images from a healthy individual (aged 25). (A) Green FAF images from both eyes. (B) Blue FAF images from both eyes. In

both types of image, the central fovea is relatively hypoautofluorescent compared with the surrounding region.

Two imaging platforms widely used for FAF
imaging are the Spectralis (Heidelberg Engineer-
ing, Heidelberg, Germany) and Optos (Optos,
Dunfermline, UK) systems, which wuse exciting
wavelengths of 488 nm and 532 nm, respectively.?
Figure 1 shows example images obtained from a
healthy individual. These devices are used interchange-
ably sometimes, and in many diseases they give broadly
similar qualitative or quantitative findings. However,
differences exist between the two modalities. For
example, in some patients with achromatopsia, we
have observed a discrepancy whereby the central fovea
can show relatively increased or decreased autofluores-
cence signal (compared with the parafoveal region) in
the same patient depending on which imaging system
is used. Here, we investigated this systematically in
patients with CNGB3-associated achromatopsia. We
also explored whether discrepancy between the two
imaging modalities might correlate with ellipsoid zone
(EZ) continuity on optical coherence tomography
(OCT) imaging.

A retrospective search was undertaken of the
electronic patient record of the inherited retinal disease
patient cohort at a single large centre (Moorfields
Eye Hospital),'®"!” to identify patients with achro-
matopsia. The gene most frequently involved was
CNGBS3. Patients with molecularly confirmed CNGB3-
associated achromatopsia who had undergone both
types of FAF imaging (blue [488 nm; Heidelberg
Spectralis] and green [532 nm; Optos]) at the same
visit were included in the study. If there were two or
more visits where both modalities had been used, the
most recent visit with gradable images was included.
The central foveal signal was graded qualitatively in
each eye as hyperautofluorescent or hypoautofluores-
cent relative to the wider foveal and parafoveal region.

A specific aim was to identify eyes with discrepancy
between the two modalities; these were labelled discor-
dant.

Second, macular OCT images from the same visit
were analyzed. Another qualitative binary classifica-
tion was undertaken: for the OCT scan through the
foveal centre in each eye, the EZ line was graded as
continuous or discontinuous. This grading was done
by a different investigator, masked to the results of
the FAF classification. We explored whether patients
exhibiting discordance on FAF images fell predomi-
nantly in either of the two OCT classifications.

This study adhered to the tenets of the Declaration
of Helsinki. Patients gave written informed consent
for genetic testing. Research ethics approval was from
Moorfields Eye Hospital and the Northwest London
Research Ethics Committee.

Patient Demographics

Our search yielded 41 patients (24 females; 17 males)
with molecularly confirmed CNGB3-associated achro-
matopsia who had undergone imaging with both FAF
devices during the same clinic visit. The mean age was
32 £ 19 years (median, 25 years; range, 8-73 years).

FAF Binary Grading and Concordance

All patients had the same qualitative grading
for right and left eyes. For blue AF images, the
central foveal signal was graded as darker (relatively
hypoautofluorescent) compared with the remainder
of the foveal/parafoveal area in all cases. For green
AF images, the central foveal signal was darker in
most, but brighter (relatively hyperautofluorescent)
in 11 patients (27%; 4 females, 7 males), indicat-
ing discordance between the two platforms in this
respect.
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Examples of FAF images. In each row, images are from the same patient at the same visit. (left) Green FAF images. (Right) Blue

FAF images. (Rows B and D were graded as discordant.) (A) A 13-year-old boy: central foveal signal graded as hypoautofluorescent for both
modalities. (B) An 18-year-old man: central foveal signal graded as hyperautofluorescent for green FAF and hypoautofluorescent for blue
FAF. (C) A 22-year-old woman: central foveal signal graded as hypoautofluorescent for both modalities. (D) A 25-year-old woman: central
foveal signal graded as hyperautofluorescent for green FAF and hypoautofluorescent for blue FAF. (E) A 48-year-old woman: central foveal

signal graded as hypoautofluorescent for both modalities.

Figure 2 shows examples of concordant and discor-
dant individuals. Figure 3A shows the age distributions
of the two groups. The mean age of the concordant
group was 36 £ 19 years (median, 39 years; range, 9—
73 years). The mean age for the discordant group was
21 £ 12 years (median, 18 years; range, 8-54 years).
The patients in the discordant group were significantly
younger (P = 0.022).

OCT EZ Line Binary Grading

The central EZ line was gradable in 40 patients
(98%). This was graded as interrupted in 14 right eyes
(35%) and 15 left eyes (37.5%), and continuous in the
remainder. Thirty-three patients (83%) had the same
grading for right and left eyes. Twenty-two patients
(55%; 11 females, 11 males) were graded as having
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Box plots showing ages of patients by group. Boxes show median and interquartile range; whiskers show 1.5x interquartile

range, with all data points (including outliers) also shown. Mean values are shown by open squares. *Significant differences. (A) FAF classifi-
cation. Patients discordant between the two FAF modalities were significantly younger than those who were concordant (P = 0.022). (B) OCT
grouping as to whether the foveal EZ was continuous in both eyes or interrupted in one or both eyes. Patients with continuous foveal EZ in
both eyes were significantly younger than those with interrupted EZ in one or both eyes (P < 0.0001). (C) OCT grouping with subdivision of
latter group into those in whom the EZ was interrupted in one eye only and those in whom the EZ was interrupted in both eyes. Patients
with continuous foveal EZ in both eyes were significantly younger than those with interrupted EZ in one eye (P = 0.0026) and those with
interrupted EZ in both eyes (P < 0.0001). The age difference between the latter two groups was not significant.

a continuous foveal EZ line in both eyes. Eighteen
patients (45%; 12 females, 6 males) were graded with an
interrupted EZ line in one or both eyes (for 7 patients,
the interrupted EZ line was in just one eye). Figure 3B
shows the ages of the two groups. The mean age for
those graded with a continuous EZ line in both eyes
was 21 £ 13 years (median, 17 years; range, 857 years).
The mean age for the remainder was 43 4 16 years
(median, 44 years; range, 11-73 years). Those with an
interrupted EZ line in one or both eyes were signif-
icantly older (P < 0.0001). Figure 3C subdivides the
interrupted EZ group into those with interruption in
one eye (mean age, 43 + 18 years; median, 41 years)
and those with interruption in both eyes (mean age, 45
+ 16 years; median, 48 years). Those with continuous
EZ in both eyes were significantly younger than each
of the other groups (P values given in Fig. 3 legend).
Examples of OCTs are shown in Figure 4; these
correspond with the patients whose FAF findings are
depicted in Figure 2. All patients who were discordant
for FAF grading were in the group in whom the EZ line
was continuous centrally. Table gives numbers falling
within the six possible groups defined with respect to

both criteria (for the 40 patients for whom gradable
FAF and OCT scans were available).

We explored discrepancies between FAF images
acquired with two widely used devices, with respect to
the central foveal signal, in patients with molecularly
confirmed CNGB3-associated achromatopsia. In 27%,
discordance was observed whereby the central fovea
seemed to be relatively hyperfluorescent in green FAF
images, but not in blue FAF images. These patients
were significantly younger on average. No patients had
an interocular discrepancy with respect to these grades.
Second, we examined foveal OCT scans acquired at the
same visit. In 45%, the EZ line was interrupted in one or
both eyes; these patients were significantly older than
those with continuous EZ lines in both eyes. The major-
ity of the patients (83%) had the same OCT grading for
both eyes. Interestingly, all patients found to be discor-
dant for the central foveal signal on FAF (between the
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Figure 4. Examples of foveal OCT scans. Scans are from right eyes
of the patients whose FAF images were depicted in Figure 1. The
foveal EZ line was graded as continuous in (A, B and D), and as inter-
rupted in (C and E).

two devices) were within the group with continuous EZ
lines in both eyes.

There have been several previous studies investigat-
ing FAF and OCT characteristics in achromatopsia,
with useful classification systems proposed.!®~>> The

TVST | May 2025 | Vol. 14 | No. 5 | Article 24 | 5

present study had the specific aim of investigating,
systematically, a discrepancy we had observed in some
patients in the qualitative appearance of the central
foveal autofluorescence signal obtained using the two
FAF devices. We, therefore, used a binary classifica-
tion for each image. We also sought to explore a possi-
ble association with structural integrity on OCT. EZ
line preservation is a commonly used metric for outer
retinal diseases, and so we used another binary classifi-
cation with respect to whether this line was continuous
or interrupted through the fovea. Future studies, possi-
bly in larger, pooled multicenter cohorts, could take a
more granular approach.

The precise mechanism underlying the discor-
dance is uncertain. Given the difference in stimula-
tion wavelengths, it is relevant to explore absorption
spectra of macular luteal pigments and the photopig-
ments. Figure 5 plots spectral sensitivity for the rod
and cone photopigments (top)>* and optical density as
a function of wavelength for macular luteal pigment
(middle).?*?> Although actual absorption spectra differ
between individuals and by technique, these data are
likely to be broadly applicable.

The green stimulation wavelength (denoted by
the vertical green line in both panels) would not
be expected to be show significant absorption by
luteal pigment, whereas absorption by L- and M-cone
pigment (particularly M-opsin) would be substantial
(also by rods, but these are absent from the fovea;
S-cones are also absent from the central fovea). The
shorter stimulation wavelength (denoted by the verti-
cal blue line in both panels) would be expected to be
absorbed substantially by macular pigment and may
be absorbed also by L- and M-cone pigments, partic-
ularly M-opsin (but to a lesser extent than the green
wavelength). Greater absorption by these pigments will
diminish the amount of stimulating light reaching the
retinal pigment epithelium fluorophores and hence will
reduce the autofluorescence signal. One might hypoth-
esize that those patients in whom discordance was
observed have relatively diminished central foveal L-
and M-opsins, but intact macular luteal pigment. It
is possible that, later in life, as the foveal architecture
is more disrupted, this difference no longer pertains,
or overall fluorophore levels are lower in the retinal
pigment epithelium (given that much of this is derived
from photopigments) and so detectable discordance is
less likely. This hypothesis would align with the younger
age of patients in whom discordance was observed and
the relative preservation of outer retinal integrity in this
group.

Adaptive optics imaging studies have shown
abnormalities of the cone mosaic in achromatop-
sia.?® 28 Numbers of cone photoreceptors are reduced
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Numbers of Patients Falling Into Groups Defined According to Both Criteria

FAF Classification

Concordant (n = 29)

Discordant (n = 11)

Foveal EZ line on OCT
Continuous in both eyes (n = 22)
Interrupted in one eyes (n = 7)
Interrupted in both eyes (n = 11)

11 11
7 0
11 0

Discordant FAF classification refers to those in whom the central foveal signal was relatively hyperautofluorescent
(compared with the surrounding foveal/parafoveal area) on green FAF imaging, but relatively hypoautofluorescent on blue
FAF imaging. Numbers are shown for a total of 40 patients. (One additional patient who was graded as concordant for FAF had

poor quality OCTs precluding reliable EZ line grading.)

compared with age-matched controls, and the cones
that are present appear to have altered reflectiv-
ity.”® There seems to be a marked degree of variability
between patients, even with variants in the same gene.”’
Such findings might lend support to the hypothesis
that the variable findings between patients on green
AF relate to variable degrees of loss or disruption of
cone outer segment structure (including levels of L-
and M-opsins). The central signal on blue AF (whose
excitation wavelength would be less absorbed by L and
M pigments) might be less prone to such variation.

Individuals also differ in their macular pigment
distributions?®* 3! and in L:M-cone ratios;’>** this
might contribute to inter-individual differences. The
third panel in Figure 5 plots the ratio of normalized
M-to-L-cone sensitivity against wavelength. Although
absorption at both wavelengths is greater for M opsin,
the ratio at each wavelength is not identical: at 488
nm, normalized M-opsin sensitivity is approximately
40% greater than that for L-opsin, whereas at 532 nm,
the corresponding figure is approximately 18%. Thus,
an individual with relatively more M cones centrally
might show different findings for the two FAF modal-
ities from someone with a higher L:M-cone ratio. The
bottom of Figure 5 shows ratios of absorption at 490
nm to 530 nm for L- and M-cones and for luteal
pigment. This ratio is below 1 for L- and M-cones
indicating that they will show greater absorption at
530 nm than at 490 nm (and this is more so for L-
cones); for macular pigment, the ratio is greater than
1. Thus, differences between individuals in L:M ratios
and macular pigment distributions can all contribute to
the degree of discrepancy between green and blue AF
relative intensities.

Our discussion has focused on differences in stimu-
lation wavelength. The two devices also differ in other
respects, including extent of signal averaging and
degree of distortion of image dimensions (although
the latter applies more to peripheral retina), and
these could play a role. Also, the gain can be altered

during image acquisition, so FAF patterns are neces-
sarily relative. However, our study focused on compar-
ing the central fovea with the immediate surround-
ing area; this comparison might be more robust to
changes in overall gain. Future studies could poten-
tially investigate further using quantitative autofluores-
cence techniques, for which an internal reference would
be required.>* For example, relative central hypoaut-
ofluorescence can be both a feature of healthy individ-
uals (Fig. 1) or advanced diseases where the retinal
pigment epithelium is lost; more sensitive or quanti-
tative classifications could potentially better identify
these states. Newer models of the Optos system also
allow blue FAF, and future studies comparing the two
wavelengths using the same platform would be infor-
mative.

Discrepancies between the blue and green FAF
modalities have been reported in the literature
for healthy eyes and several pathologies, including
geographic atrophy, 4ABCA4 retinopathy, and various
other retinochoroidopathies.’> 4 In healthy eyes, more
foveal hypoautoflourescence has been reported for
blue compared with green FAF* and this differ-
ence is indeed evident in the healthy example shown
in Figure 1. In geographic atrophy, some investigators
have reported measured atrophic areas are higher
with green FAF, though rates of progression may be
similar.*! In the present study, we found an intrigu-
ing qualitative difference between the two types of
autofluorescence in more than one-quarter of patients.

Our study focused on CNGB3-associated achro-
matopsia. CNGB3 is the commonest gene associ-
ated with achromatopsia in our and several other
cohorts.!®-17:43-45 For the present analysis, we sought to
constrain the number of variables by focusing on one
particular genetic cause. However, we have anecdotally
observed discrepancy in other conditions also, and so
this finding should not be taken as specific to CNGB3-
associated disease. The FAF discrepancies are likely
to occur in patients with other forms of achromatop-
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Figure 5.

Spectral absorption data for photopigments and macular luteal pigment. In panels (A-C), the vertical blue and green lines show

the blue and green FAF stimulating wavelength respectively. (A) Data are replotted from the study of Dartnall et al. of seven human eyes
(their table 2), published in 1983.% (B) Data are those of Bone et al.,** as tabulated by Stockman et al. in 1999.° These datasets are available
at the Colour & Vision Research Laboratory website hosted at University College London (http://cvrl.ucl.ac.uk/ accessed 1 Jan 2025). (C) Ratio
of normalized M-cone to L-cone sensitivity (taken from data points in A), plotted against wavelength. (D) Ratio (490:530 nm) for L-cone and
M-cone sensitivities and luteal pigment optical density (calculated by dividing the corresponding value at 490 nm by that at 530 nm in A
and B). These wavelengths were chosen as being the closest wavelengths to the FAF stimulation wavelengths of 488 and 532 nm for which

data were available.

sia and likely in other conditions also, possibly with
different degrees of correlation with EZ continuity; the
pathophysiological basis for any discrepancies might
also differ between diseases. Future studies can inves-

tigate this. Other limitations of our study include the
cross-sectional rather than longitudinal nature. Future,
larger studies could investigate change longitudinally
(testing the hypothesis that discordance is a feature in
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earlier stages of disease) and potentially explore associ-
ations with different pathogenic variants.

A key implication of our study is that there
can be qualitative differences between FAF platforms
and hence devices should not be regarded as inter-
changeable. This is particularly important both for
natural history studies and in the design of inter-
ventional trials. The findings also raise hypotheses
regarding underlying mechanisms and it is possi-
ble that combining information from both modali-
ties could yield insight into aspects of outer retinal
physiology and pathophysiology in a range of retinal
diseases.
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