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Abstract

Purpose—To test whether eyes with central serous retinopathy (CSR) have elevated retinal
flavoprotein fluorescence (FPF) using a novel clinical imaging method.

Methods—Three male patients with unilateral CSR were examined for FPF at 535nm induced by
1ms flashes of 467nm light. FPF was captured with an electron multiplying charged-coupled
device (EMCCD) camera with a 512x512 pixel chip. Average intensity (Al) of retinal FPF for
each affected eye was compared to the contralateral, unaffected eye and to six age-matched
control eyes by analyzing histograms of pixel intensities plotted for each eye.

Results—For each patient, the CSR-affected eye had a significantly greater retinal FPF when
compared to the retinal FPF of the unaffected eye. Eyes affected with CSR had retinal FPF values
which averaged 98% greater than the retinal FPF of age-matched control eyes.

Conclusions—FPF analysis may be useful for rapidly and non-invasively identifying metabolic
tissue stress of central serous retinopathy.
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1. Introduction

Central serous retinopathy (CSR) is characterized by idiopathic breakdown of the outer
blood-retina barrier formed by the retinal pigment epithelium (RPE).1 The etiology of the
disease is unknown, but fluorescein and indocyanine green (ICG) angiographic studies have
shown that the pathogenesis involves RPE and choriocapillaris dysfunction, as well as
choroidal lobular ischaemia and venous congestion.1~3 Optical coherence tomography
(OCT) detects neurosensory retinal and RPE detachments, chronic exudates, and cystic
changes within the retina.1:4=7 Hypofluorescent or hyperfluorescent fundus
autofluorescence is attributed to changes in subretinal and RPE lipofuscin content.1:8-11
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Oxidant damage can induce mitochondrial stress and apoptotic cell death in tissues soon
after the onset of many retinal diseases, suggesting that measurement of mitochondrial
metabolic activity may serve as an early indicator of disease.12=14 Prior to apoptosis,
mitochondria exhibit impaired electron transport by energy-generating enzymes in the
respiratory chain,15:16 causing increased oxidation of flavoproteins and their
autofluorescence.17719 Flavoprotein fluorescence (FPF) has previously been used to
measure impaired mitochondrial metabolism leading to myocardial cell apoptosis in the
beating heart during ischemia-reperfusion injury in vivo.2% Recently, we detected abnormal
FPF in eyes of humans with diabetes and pseudotumor cerebri,21=23 as well as in a case of
bilateral CSR.23 These observations led to the hypothesis that FPF may be elevated in eyes
with retinal dysfunction due to CSR. We now present FPF analysis of three unilateral CSR
patients in order to further show the utility of FPF as an indicator of CSR-induced retinal
metabolic stress.

2. Materials/Methods

3. Results

Three men, aged 35, 42, and 30 years, with unilateral CSR and no other ophthalmic or
systemic disease underwent a single session of retinal FPF analysis on their affected and
unaffected eyes at the University of Michigan after routine ophthalmic examination. For
each CSR patient, three volunteers, each within 2 years of the patient’s age, were obtained
as age-matched controls. All controls underwent funduscopic examinations during routine
general eye clinic examinations at the University of Michigan. All control eyes and the
unaffected eyes of CSR-patients showed no evidence of any retinal or ocular abnormality,
active or inactive. This study was approved by the institutional review board (IRB) at the
University of Michigan. Prior to inclusion, each patient signed a written informed consent.

To measure retinal FPF in humans, a fundus camera was modified as previously described
with narrow-band excitation and emission filters, a high-sensitivity EMCCD camera, and
attached computers with customized software.21723 After pupillary dilation, four 535nm
FPF acquisitions, each induced by a 1ms, 467 nm incident flash, were obtained over a three
degree field, centered on the fovea of each eye. Due to the instrument’s depth of focus FPF
was captured from all retinal layers. The images were stored as 512 x 512 pixel 16-bit
grayscale TIFF files. Histogram curves of pixel intensities for each eye were extracted to
yield average intensity (Al) of retinal FPF using a method previously described.?1=23 t test
and ANOVA were used to compare Al values between the two eyes of each subject. SAS
9.0 software (SAS Institute Inc., Cary, NC) was used for statistical analyses. P-values <0.05
were considered significant.

Funduscopic examination, Amsler grid testing, OCT, and fluorescein angiography all
showed findings of CSR in each affected eye (Table 1, Figure 1), whereas the unaffected
eyes showed no signs of disease. Retinal FPF Al of the affected eyes of patient 1 and patient
2 (35yo0 and 42yo, Table 1), were statistically greater than those of eyes of three age-
matched control subjects (p-value: <0.001 and <0.05, respectively). Retinal FPF Al of the
affected eye of patient 3 (30yo, Table 1) was 30% greater than the eyes of age-matched
controls, but did not reach statistical significance (p< 0.15) (Figure 2). Importantly,
significant asymmetry existed between the affected eye and the unaffected eye of each CSR
patient (p-value: <0.001, <0.05, and <0.001) (Table 1).

We found the shot-to-shot reproducibility of our FPF results for control eyes to be very

reproducible (Figure 1), including when comparing intersession variability for controls, as
we have previously published.?? Diseased eyes often demonstrate higher shot-to-shot FPF
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variability than controls, probably from slight variations in fixation together with variability
in disease-induced cellular stress at different points in the retina.

4. Discussion

Autofluorescence detection of oxidized flavoproteins is distinct from previously used
methods to detect fundus autofluorescence, which is primarily due to lipofuscin. As
previously described, we minimized the contribution of lipofuscin or lens autofluorescence
to our signal by choosing young patients, comparing their affected eye to their unaffected
eye, and using a very narrow emission band at the FPF maximum, which excludes most of
the emission intensity of lipofuscin, in order to obtain maximal metabolic contrast.?!

Conventional fundus autofluorescence, induced by 488nm light, shows hypofluorescence at
the focal sites of leakage several weeks after onset in CSR-affected eyes.910 The
hypofluorescence is presumably due to either reduced lipofuscin from mechanical disruption
of the RPE,10 or blockage of RPE lipofuscin by accumulating subretinal fluid.? Some
reports in acute and chronic CSR describe hypofluorescence and hyperfluorescence
surrounding the original point of leakage;3~19 hyperfluorescence is attributed to
accumulation of lipofuscin pigment in surviving RPE cells, 8 whereas hypofluorescence in
chronic CSR lesions is thought to result from reduced RPE metabolic activity as
photoreceptors are lost8 or from progressive RPE cell loss.

Retinal FPF Al was elevated significantly in each CSR-affected eye, regardless of disease
duration, when compared to the FPF Al of the contralateral unaffected eye. It was also
greater than in age-matched control eyes. Our ability to detect elevated FPF in CSR as early
as one week after disease onset contrasts with alterations in conventional fundus
autofluorescence that do not develop until several weeks after disease onset,®19 indicating
that our FPF signal is probably not due to lipofuscin, but is the result of impaired
mitochondrial metabolic activity. Thus, FPF may be beneficial in the early diagnosis of CSR
when retinal metabolic activity is compromised, but before substantial cell loss, presumably
from apoptosis, occurs.

To our knowledge, no direct evidence of metabolic stress in CSR exists. However,
photoreceptor apoptosis occurs in human24:25 and experimental retinal detachment.26:27 |n
the latter, apoptosis caused by subretinal injection of sodium hyaluronate, is mitochondrial-
dependent.26 At its onset, the apoptotic response generates ceramide?” which permeabilizes
the mitochondrial outer membrane pore in the presence of Ca2*:28:29 causing a drop in
electrochemical potential and oxidation of mitochondrial flavoproteins.1’~19 In animals,
specific inhibition of the ceramide pathway protects from retinal detachment-induced
apoptosis.2” Our in vitro studies on RPE cells?3 and neural retina (not shown) show that
anti-oxidants and ceramide inhibition reduce apoptosis and the FPF signal induced by H,O,
and ceramide, respectively. Taken together, these data support the contention that CSR may
induce metabolic stress that can be detected by non-invasive FPF analysis. In our CSR
patients, neurosensory or RPE serous detachments precluded our ability to distinguish the
FPF contributions due to the primary stress of CSR on cellular metabolism from that caused
by secondary detachments. However, we have reported elevated FPF in both eyes of a
patient with bilateral CSR lacking subretinal or sub-RPE fluid,?3 suggesting that elevated
FPF in CSR is at least partially due to its primary stress on cells.

In each eye with CSR, the serous detachments involved the central three degree field that
was analyzed and thus the detached retina contributed to the FPF signal. A serous
detachment is a structural alteration due to disease. It is likely that metabolic alterations
involve retina beyond the visibly detached area where subretinal fluid may be slight. In
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addition, although we did test shot-to-shot reproducibility, we did not test intersession
reproducibility in a longitudinal fashion, as we only evaluated patients at one session.
Further studies will be needed to test these parameters of FPF in CSR.

This study demonstrated two characteristics of FPF that appear to indicate disease: 1)
elevated retinal FPF Al in a patient’s eye compared to that of age-matched control eyes
(Figure 2), and 2) significantly increased retinal FPF Al of a patient’s eye compared to that
of their contralateral eye (Figures 1 & 2). This asymmetry is not present in any age-matched
control volunteer, indicating that asymmetry between patients’ eyes may be a characteristic
of disease, as we have previously shown for pseudotumor cerebri.2! This can be true even
when retinal FPF Al of an eye is not statistically different from the retinal FPF Al of eyes of
age-matched control volunteers (Figure 2), as in patient 3. This study suggests that rapid,
non-invasive FPF analysis of the human retina is feasible for detecting CSR-induced retinal
dysfunction.
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Fig. 1.

Fundus photographs of the affected eyes (A,C,E) and FPF histograms of the affected and
unaffected eyes (B,D,F (right, black; left, grey)) of three patients with unilateral CSR.
Present were a PED temporal to the left fovea (A), a PED inferotemporal to the right fovea
(C), and a blunted foveal reflex with subretinal fluid in the left macula (E). The histograms
showed significantly elevated FPF in each CSR-affected eye compared to the contralateral
unaffected eye.
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Fig. 2.

Bar graphs of retinal FPF Al of the affected and unaffected eyes of three patients with
unilateral CSR and the average retinal FPF Al of control volunteers. Age-matched control
FPF Al for each patient was obtained from six eyes of three volunteers, all within 1-2 years
of the patient’s age.
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