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Abstract

Purpose of review.—This review aims to discuss retinal diseases that may masquerade as
neurological causes of vision loss and highlights modern ophthalmic ancillary testing that can help
to establish these diagnoses.

Recent findings.—Retinal diseases with signs and symptoms overlapping with neurological
causes of vision loss include central serous chorioretinopathy, retinal vascular insufficiency, acute
macular neuroretinopathy, big blind spot syndrome, paraneoplastic retinopathy, retinal dystrophy,
and toxic retinopathy. Diagnosis is facilitated by electrophysiologic studies and multimodal
ophthalmic imaging including optical coherence tomography and fundus autofluorescence
imaging. Looking into the future, translation of adaptive optics ophthalmoscopy into clinical
practice may facilitate early detection of microscopic retinal abnormalities that characterize these
conditions.

Summary.—With conventional methods of physical examination, diagnosis of retinal diseases
that may masquerade as neurological causes of vision loss can challenging. Current advance in
multimodal ophthalmic imaging along with electrophysiologic studies enhance the provider’s
ability to make early diagnosis and monitor progression of these conditions.
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Introduction

Visual loss can result from any pathology along the visual pathway. A comprehensive
ophthalmic examination usually identifies the cause, with common etiologies including
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refractive error, ocular surface dryness, cataract, macular degeneration and glaucoma. When
the examination is unrevealing, patients are often referred to neurologists or neuro-
ophthalmologists for evaluation of potential retrobulbar (optic nerve or cerebral) causes of
visual loss. When doing these evaluations, it is important for neurologists to be aware of
retinopathies which may be occult on physical examination so that they may be included in
the differential diagnosis.(Table 1)

In the case of monocular vision loss, differentiating between optic neuropathy and
retinopathy can be straightforward in patients with an obviously abnormal retina
examination, an abnormal optic nerve head appearance, or a relative afferent pupillary
defect, which is a difference in the direct and indirect pupillary response to light stimulation
between both eyes, in the setting of mild to moderate vision loss. In the case of binocular
vision loss, cerebral causes can often be identified by homonymous visual field defect
patterns and bilateral optic neuropathies or retinopathies by the fundus appearance.
However, several retinal diseases can present with symptoms overlapping with neurological
causes of vision loss. These conditions may present with reduced visual acuity, visual field
defects, and normal-appearing fundus examination because the fundus abnormality is below
our visual detection threshold. A systematic approach with a broad differential diagnosis is
crucial in order to localize and identify the etiology of visual loss.

Comprehensive review of all retinal diseases or the general approach to patient with visual
loss are beyond the scope of this review.[1] This article will focus on retinal diseases that
may commonly masquerade as optic neuropathies or cerebral causes of vision loss, and
differentiate between maculopathies and optic neuropathies.

Differentiation between maculopathies and optic neuropathies

Signs and symptoms

Both maculopathies (diseases affecting the area of the retina responsible for central vision)
and optic neuropathies can cause central scotomas presenting with altered visual acuity.
Differentiation between maculopathies and optic neuropathies requires consideration of
historical information, clinical examination, and ophthalmic investigations. Supplementary
laboratory tests and neuroimaging may be warranted in selected cases.

Characteristics of visual loss and associated symptoms can aid in localization of pathology.
Metamorphopsia (visual distortion) is commonly described in maculopathies but is rarely
present in optic neuropathies. Loss of color perception is typically more severe than the
degree of visual loss in optic neuropathies, whereas color perception in maculopathies
usually correlates with the degree of visual loss. Cone photoreceptor diseases or preexisting
congenital color blindness are exceptions to this. Pain during eye movements is associated
with optic neuritis but is uncommon in other causes of optic neuropathy and maculopathies.

Monocular or asymmetric visual loss with a relative afferent pupillary defect (rAPD) is
highly suggestive of an optic neuropathy. However, rAPD should be interpreted cautiously
since rAPD only reflects the difference in optic nerve signal input between the eyes.
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Asymmetrical extensive retinal disease may produce an rAPD, whereas symmetrical
bilateral optic neuropathies will not produce an rAPD.

The photostress test is useful for detecting maculopathies. This is performed by measuring
best-corrected visual acuity(BCVA) with an undilated pupil, shining bright light in the eye
being tested for 10 seconds (with the other eye covered), and then recording the time
between removal of the light source, until the patient can read the letters one line above their
BCVA on the eye chart. Normal recovery time, seen in patients with optic neuropathies is
2711 seconds (mean+SD).[2] Maculopathies are associated with prolonged recovery times
up to several minutes.[3] Clinically, comparison of recovery time between affected and
unaffected eyes is most useful in distinguishing between asymmetric macular and optic
nerve etiologies.[4]

Ophthalmoscopy provides the ability to visualize abnormalities of the macula or optic nerve
head. Macular pathology, including subretinal fluid, exudates, hemorrhages, or pigmentary
changes suggest maculopathy, while optic nerve head abnormalities ranging from subtle
mild pallor to marked optic disc swelling suggest optic neuropathy. However, in both
maculopathies and optic neuropathies, abnormalities might be below detection threshold or
not present. Direct ophthalmoscopy through an undilated pupil as typically performed by
neurologists further lowers detection threshold.[5, 6] These limitations can be overcome by
ophthalmic ancillary testing.

Ophthalmic Ancillary Testing

Characteristic ophthalmic investigation findings in retinal diseases that may masquerade as
neurological causes of vision loss are summarized in table 2.

Optical coherence tomography (OCT): OCT is a non-invasive imaging method which
provides in vivo high-resolution cross-sectional images of the retina and optic nerve head,
with axial resolution ranging from 1-15um.[7] Structural abnormalities such as cystoid
macular edema, subretinal fluid, or photoreceptor abnormalities are readily visualized.
(FigurelB, 1D, 1F, 1H, 1J, 1N) Cross sectional OCT may also be segmented to measure
individual retinal layers of interest including the retinal nerve fiber layer(RNFL) and
ganglion cell complex(GCC). Thinning of these layers can reflect optic neuropathy.
Thinning of other layers or distortion of their anatomy suggests retinopathy.

Fundus autofluorescence (FAF): FAF is a non-invasive imaging method that provides
an en face density map of lipofuscin in the retinal pigment epithelium(RPE) layer which
plays an important role in the metabolism of the overlying neurosensory retina; FAF serves
as a surrogate marker of the integrity and health status of RPE, and by extension, the retina.
(Figurell, 1L, 10, 1P) It can demonstrate retinal abnormalities which may not visualized by
fundus exam or OCT and it is useful in detection of variety of diseases such as early-stage
macular dystrophies, inflammatory white dot syndromes, and toxic retinopathies.[8-10]

Retinal angiography: Fluorescein angiography (FA), consists of time lapsed images of
the retina following peripheral venous injection of fluorescein dye. It is useful for evaluation
of ocular perfusion in both the retinal circulation which supplies the inner retina including
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retinal ganglion cells and bipolar cells, and the choroidal circulation which supplies the
outer retina including the photoreceptors and RPE. For example, delayed arteriovenous
transit time indicates abnormal retinal circulation, while delayed choroidal filling time is
associated with choroidal ischemia in giant cell arteritis. Moreover, FA can identify retinal
or choroidal vascular pathology causing central serous chorioretinopathy, diabetic macular
edema, and retinal vasculitis.

Indocyanine green angiography (ICGA) is another modality of angiography with focus on
choroidal circulation. Similar to FA, ICGA involves peripheral venous injection of dye while
time lapsed fundus images are recorded. Indocyanine green (ICG) dye is almost completely
protein-bound after peripheral venous injection. This enhances its retention in the choroidal
circulation and facilitates visualization of the choroidal circulation imaging with less artifact
from the retinal circulation which lies between the choroidal circulation and the camera
recording the images.

Electroretinography (ERG): ERG measures the retina electrical response to light stimuli
using a superficial electrode and is particularly useful in detection of retinal diseases which
have retinal dysfunction despite a normal-appearing fundus. The normal recording consists
of a negative a-wave, which reflects photoreceptor (outer retina) function, followed by
positive b-wave which reflects intermediate retina (bipolar cells and Mueller cells) integrity.
Using different light stimuli, rod and cone photoreceptor-mediated systems can be
investigated separately. Full-field ERG (ffERG), performed using full-field flash stimuli, is
useful for detection of generalized retinal disease such as retinitis pigmentosa, cone-rod
dystrophy, and paraneoplastic retinopathy.[11] Multifocal ERG (mfERG) is performed using
patterned light stimuli to generate a map of macular function and is abnormal in
maculopathies such as white dot syndromes and chloroquine-induced maculopathy.[12]
Pattern ERG (PERG), performed using an alternating checkerboard light stimulus, also
provides measurement of central retinal function and has components representing retinal
ganglion cell (optic nerve) responses. mMfERG and PERG are useful in differentiating optic
neuropathy from macular disease in cases of occult central visual loss.

Adaptive optics (AO): Looking into the future, advanced ophthalmic imaging techniques
including adaptive optics (AO) ophthalmoscopy may improve not only the diagnostic
capability but also the understanding of disease pathophysiology through high spatial
resolution retinal imaging. AO, which are techniques for compensating for light scatter,
combined with OCT or scanning laser ophthalmoscopy, provides /n vivo imaging of retinal
structures with cellular level resolution and has the potential to improve our ability to detect
abnormalities beyond what is available with current clinical ophthalmic imaging.[13]

Additional testing

Localization of visual loss may be unrevealing despite comprehensive evaluations.
Additional investigations, including brain/orbit neuroimaging, serology for autoantibodies,
and nutritional screening, should be considered.
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Retinal diseases masquerading as neurological causes of vision loss

In the remainder of this article we highlight the most common retinal disease that can
masquerade as neurological causes of vision loss due to their subtle findings on retinal
examination.

Central serous chorioretinopathy (CSCR)

CSCR occurs when leakage of fluid from choriocapillaris causes subfoveal neurosensory
retinal detachment or pigment epithelium detachment. Despite an unclear mechanism,
leakage is thought to be result of hyper-permeability of choriocapillaris and RPE
dysfunction.[14] CSCR often affects young men and pregnant women.[15] Other described
risk factors include “Type A” behavioral traits,[16] use of exogenous steroids,[17] and
untreated hypertension.[18] CSCR may be confused with retrobulbar optic neuritis
especially when fundus findings are subtle, since patients typically experience acute or
subacute central visual loss with metamorphopsia. Reduced contrast sensitivity or color
desaturation has also been described.[15]

Diagnosis of CSCR can be made by the fundus finding of round serous macular detachment
with or without discrete detachment of the retinal pigment epithelium without hemorrhage.
(FigurelC) However, this fundus finding can be subtle, which may also lead to consideration
of retrobulbar optic neuropathy. OCT demonstrates serous detachment of neurosensory
retina along with other subtle findings such as small pigmented epithelium detachments and
choroidal thickening (by using enhanced depth imaging-OCT).(Figure1D)[19] FA generally
reveals leakage from the level of RPE.

Risk factor modification, especially discontinuation of steroids, is strongly encouraged.
CSCR is typically self-limited within 2-3 months. Early morphologic changes on OCT can
predict visual outcome and persistence of fluid.[20] If fluid persists, laser photocoagulation
or photodynamic therapy may be considered.[21, 22]

Retinal ischemia

The vascular supply of retina comes two circulations: the retinal circulation deriving from
the central retinal artery for the inner retina and the choroidal circulation for the outer retina.
The central retinal artery, derives from ophthalmic artery, and branches into 4 branch retinal
arteries after exiting the optic nerve head to supply each quadrant of the retina. These branch
retinal arteries are visible on fundoscopic examination. Occasionally, a cilioretinal artery,
derived from choroidal circulation, may supply the inner portion of the fovea.

The most common clinical presentations of retinal ischemia are central retinal artery
occlusion (CRAO) and branch retinal artery occlusion (BRAQ). The most common cause of
arterial occlusion is embolism from atherosclerotic carotid artery followed by aortic arch and
cardiac emboli.[23] Other mechanisms of retinal ischemia other than emboli include
hypercoagulable state,[24] vasculitis (especially giant cell arteritis(GCA)), and
hypoperfusion. CRAO or BRAO is a stroke of the retina and must be considered as a cause
for transient or sustained monocular visual loss due to the potential of devastating visual or
neurological outcome if underlying causes are not promptly diagnosed and managed.
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The clinical presentation depends on which territory is impacted. CRAO, in which occlusion
occurs proximally at central retinal artery, disrupts wide-spread retinal circulation, typically
causing sudden onset of painless complete severe visual loss in one eye. However, central
visual acuity may be near normal in patients with a patent cilioretinal artery perfusing the
fovea.[25] BRAO, in which occlusion occurs distally in a branch retinal artery, may be
asymptomatic or only produce partial visual field loss and spare central vision if the central
macula remains unaffected.

Inner retinal ischemia from CRAO or BRAO acutely results in whitened opacification of the
retina in the distribution of the affected vessel. Classically, fundus examination of CRAO
shows diffuse edematous and opacified retina with a characteristic cherry-red spot at the
fovea.[26](FigurelE), while ophthalmoscopy in BRAO shows these inner retinal changes
only in the distribution of the affected branch retinal arteriole. However, the degree of retinal
opacification varies by the severity of the occlusion and the duration from onset. Retinal
whitening may not become apparent for several hours after artery occlusion. Therefore,
patients can present with less apparent fundus findings during the hyperacute stage of
disease or with a partial occlusion. This situation can be confused with retrobulbar optic
neuropathy, especially in CRAO when an rAPD is present from extensive inner retina
infarction. Furthermore, retinal opacification typically resolves over a period of 4-6 weeks,
usually leaving a pale optic disc, attenuated retinal vessels, and normal retina color.[26]
(FigurelG) This late stage of CRAO should be considered as a possible cause of
unexplained inner retinal and optic atrophy. Though retinal emboli can be observed in
20-40% of CRAO and 60% of BRAO patients,[23, 27] absence of visible retinal emboli does
not exclude an embolic cause of retinal artery occlusion.

Ancillary studies may help diagnose CRAO or BRAO when the fundus examination is not
diagnostic. During the acute stage, OCT demonstrates thickening, hyper-reflectivity, and
loss of definition in the superficial and deep inner retinal layers.[28](FigurelF) With time,
chronic ischemic inner retina results in thinning or disorganization within most or all of
inner retinal layers on OCT.[29](FigurelH) This can be distinguished from OCT changes in
chronic optic neuropathies cause isolated thinning in nerve fiber, ganglion cell and inner
plexiform layers but spare deeper inner retinal layers. The layering architecture is also
preserved. Acutely, FA typically shows delay in retinal artery filling time and retinal
arteriovenous transit time.[30] ffERG in CRAO may reveal diminished amplitude of b-wave
with generally unaffected a-wave, which reflects diffuse inner retina ischemia but spared
photoreceptors function.[31] In contrast, optic neuropathies are unlikely to impact the ERG
response.

Acute CRAO or BRAO is a medical emergency. In acute presentations of retinal infarction,
patients should receive immediate emergency room or inpatient neurologic evaluation to
diagnose concurrent ischemic stroke as well as diagnose and treat stroke risk factors due to
the increased risk of ischemic stroke during first few days after the onset of visual loss.[32,
33] This includes actions to diagnose and treat GCA in patients greater than 50 years of age
with compatible history.[34] In contrast, if the vision loss is long-standing and diagnostic
testing supports chronic CRAO or BRAO, secondary stroke prevention work up can be done
in the outpatient setting.
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CRAQO typically has a poor visual prognosis. Currently, there are insufficient data to decide
if any beneficial treatments to restore perfusion exist for CRAQ, including lowering
intraocular pressure, ocular massage, surgical embolectomy,[35] or intraarterial fibrinolysis
with recombinant tissue plasminogen activator.[36] On the other hand, BRAO may not
warrant aggressive, invasive intervention if the vision is minimally affected, although
systemic workup remains paramount.

Acute macular neuroretinopathy (AMN)

Although the exact pathophysiology of AMN is unknown, a microvascular abnormality in
the deep capillary plexus of retina, which results in the pathology of perifoveal
photoreceptors, is hypothesized. This rare condition is commonly described in young
women in their 30s who take oral contraceptive pills. AMN may be misdiagnosed with
retrobulbar optic neuritis.[37] Symptoms of AMN are the sudden onset of paracentral
scotoma, often preceded by viral illness.[38] Visual field defects are typically small, with
discrete, multifocal paracentral scotomas, which may be better demonstrated on Amsler grid
or 10-2 Humphrey Visual Field. Fundus examination can reveal classic brown petaloid
intraretinal lesions pointing to the fovea that correspond to scotomata, though these are often
subtle. OCT through a lesion initially shows hyperreflective band in outer nuclear layer and
outer plexiform layer followed by focal disruption of the inner segment-outer segment
junction(ellipsoid zone) of the photoreceptors.[39] mfERG shows focal depressed signal in
the area of the lesions. Although there is no proven treatment for AMN, spontaneous partial
resolve of scotomas has been described.

Acute zonal occult outer retinopathy (AZOOR) complex disease

The term “AZOOR complex disease” refers to a group of disorders that share features of
female predominance, unexplained visual field defects typically contiguous with the blind
spot, photopsias, and reduced ERG amplitudes. [40] This grouping persists despite their
distinct clinical presentations and proposed pathophysiologies. Current belief is that these
disorders are a spectrum of outer retina inflammatory disorders with overlapping clinical
presentations.[41-43] In this article we focus on disorders sometimes confused with
neurological causes of vision loss. These disorders include acute idiopathic blind spot
enlargement (AIBSE), multiple evanescent white dot syndrome (MEWDS), and acute zonal
occult outer retinopathy (AZOOR). These disorders should be considered in patients with
acute mild visual loss and a history of photopsia with minimal or no initial fundus
abnormality. Additional multimodality investigations with OCT, FAF, FA, and ERG can
improve diagnostic capability and help distinguish each disorder.

Symptoms of AZOOR complex diseases depend on the area of the retina and choroid
affected. Of particular relevance to neurologist are those that involved the peripapillary
retina presenting with enlargement of the physiologic blind spot . Such conditions causing
dysfunction of the peripapillary retina or choroid should be considered in patients with blind
spot enlargement who lack significant optic nerve swelling that displaces peripapillary
photoreceptors or distorts the posterior globe to induce local refractive changes or
peripapillary atrophy, two causes of blind spot enlargement that are apparent on fundus
examination.[42]
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Acuteidiopathic blind spot enlargement (AIBSE) classically occurs in young adult
patients with acute onset of photopsia and enlargement of blind spot without optic disc
swelling or choroiditis.[44] Currently, the term AIBSE syndrome encompasses acute onset
of positive visual phenomena (perception of flashing light, swirling, or colored lights) and
enlargement of the blind spot. Most patients have good visual acuity.[42, 45] Visual field
defects expanding from physiologic blind spot may vary in size but often have steep margins
that can mimic temporal visual field defects from chiasmal lesions.[46] Fundus examination
usually reveals peripapillary pigmentary changes with occasionally mild optic disc swelling,
which may potentially confused with optic neuropathy with optic disc edema including
papillitis. OCT is useful in detecting peripapillary photoreceptor inner segment-outer
segment junction (ellipsoid zone) disruption. FAF shows peripapillary
hyperautofluorescence. FA may demonstrate late staining of the optic disc, RPE and
peripapillary region.[42] ffERG is typically normal, while mfERG can detect abnormal
response from peripapillary retina.[47] Photopsias often spontaneously improve over a
period of weeks, whereas visual field defects may persist.[42]

Multiple evanescent white dot syndrome (MEWNDYS) is distinguished from AIBSE by the
fundus findings, which can be subtle.[48] Although pathogenesis remains unknown, about
one-third of patients have a viral prodrome suggesting possible immune-mediated
mechanism. MEWDS typically affects young, healthy, moderately myopic females in the
second to fourth decades of life. Common presentation includes acute unilateral, blurred
vision, photopsia, and scotoma corresponding to enlarged blind spot. Additionally, patient
may present with RAPD and dyschromatopsia which indicate concurrent involvement of
optic nerve by contiguous spread or vasculitis.[49] Visual field defects can be generalized
depression, central, paracentral scotoma, or enlarged blind spot. Fundus exam during early
course of disease may reveal multiple small yellow-white lesions at the level of RPE or outer
retina, typically in perifoveal area.(Figurell) As the disease progress, these white dots fade
and appear as granular macular pigmentary change. A mild degree of optic disc swelling
may be observed.[48, 50] FA shows early hyperfluorescent spots in wreath-like
configuration on posterior pole. Optic disc and vascular leakage may also be seen.[51] FAF
can help visualize white dot lesions as they appear hyperautofluorescent on FAF,(FigurelK)
even in the absence of lesions on the fundus exam. Disruption of the ellipsoid zone on OCT
localizes this condition to the outer retina and RPE.[52](FigurelJ) Reduced a-wave
amplitude on the ERG is present in the early stage of disease and resolve with time.[53]

MEWDS is a diagnosis of exclusion. Ocular syphilis, lymphoma, and tuberculosis should be
considered even in patients with typical multimodal imaging of MEWDS.[54] The clinical
course of MEWDS is usually self-limiting, with most patients having nearly complete
recovery within weeks or months.[50]

Acute zonal occult outer retinopathy (AZOOR) is characterized by sudden onset of
scotomas and photopsia (distinctively described as moving of colors or lights within area of
scotomas) related to loss of outer retinal dysfunction. AZOOR typically affects young-adult,
myopic females with unilateral disease being more common at onset but bilateral disease
usually developing. [55] Visual loss is relatively mild with majority of the patients having
VA of 20/40 or better.[56] RAPD may be found on the affected eye. Visual field defects
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include paracentral scotomas and enlargement of the blind spot. Despite often normal fundus
exam in early stage, OCT can detect early disruption or loss of photoreceptor ellipsoid zone
in areas corresponding to visual field defects, usually sparing the fovea. As the disease
progresses, focal RPE pigmentary change and retinal atrophy, often in the peripapillary
region, may be apparent on fundus exam with thinning of the affected retina and RPE on
OCT.[57] ffERG is crucial and almost always reveals delayed implicit time of photopic 30-
Hz flicker response reflecting diffuse photoreceptor dysfunction.[56] FA may be normal in
the early stage of the disease. With time, abnormal findings corresponding to area of RPE
disturbance become apparent. FAF is essential in monitoring progression of disease. In
addition to demonstrating areas of hypoautofluorescence related to RPE atrophy, it also may
demonstrate a border of speckled hyperautofluorescence reflecting expansion of the lesions
and ongoing disease activity.[57, 58] Although there is no standard treatment of AZOOR,
systemic corticosteroids are commonly used. During the course of disease, one-third of
patients experience a recurrence. Approximately 75% of patients have stable visual field
defects and 25% experience partial improvement.[56]

Paraneoplastic autoimmune retinopathy

Paraneoplastic autoimmune retinopathy (PAIR) is a rare entity which occurs remotely from
primary malignancy or its metastases.[59] Various subtypes had been described including
cancer-associated retinopathy (CAR), melanoma-associated retinopathy(MAR), cancer-
associated cone dysfunction (CACD), and diffuse uveal melanocytic proliferation (DUMP).
Although still poorly understood, this immune-mediated disease is often associated with
circulating antibodies against retina. However, since the presence of antiretinal antibodies
can be either pathogenic or an unrelated finding, it should only be used to support diagnosis
and not as a sole diagnostic test.[46] Instead, the diagnosis of PAIR should be based on
clinical findings and ophthalmologic investigations. Patients with PAIR should have
carefully systemic evaluation for underlying malignancies.

Cancer-associated retinopathy (CAR) is the most common type of PAIR. Due to shared
epitopes between tumor antigens and with retinal antigens there is resulting in cross-reaction
between autoantibodies produced as part of an immune response to tumor antigens and
retinal antigens.[60] Recoverin, an antibody that reacts with 23-kDa CAR antigen in the
retina and results in loss of photoreceptors, was the first anti-retinal antibody identified.
Other antibodies, including anti-enolase and anti-TRMP1, have been reported association
with CAR and may affect the clinical course.[61, 62] This condition is twice as common in
females as in males. Average age at diagnosis is 65 years.[63] The most common cancers
associated with CAR are breast cancer and small cell lung cancer, followed by
gynecological, hematologic, prostate, and colon cancer. Onset of CAR can precede the
diagnosis of cancer in some cases, originally reported as high as half of the patients.[64]

Patients typically present with progressive painless vision loss along with visual phenomena
associated with dysfunction of both rod and cone systems including night blindness, light

sensitivity, and dyschromatopsia. Visual field defects are progressive and patterns may vary
from generalized depression, paracentral scotoma, to ring scotoma.[65] Fundus examination
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in early stage is often normal. While optic nerve pallor, arteriolar attenuation, and RPE
changes are present in later stages of CAR.

Ophthalmic investigations reflect retinal degenerative changes. OCT shows thinning of the
photoreceptor layer and loss of ellipsoid zone. FAF reveals an abnormal
hyperautofluorescent ring around the fovea which reflects loss of RPE function.[66] ERG
demonstrates severely reduced scotopic and photopic a- and b-waves reflecting diffuse
retinal dysfunction in both rod and cone system. ERG is a crucial diagnostic tool in early
stages when fundus exam is unrevealing.

Currently, there is no effective treatment for CAR. Retinal degeneration tends to be
progressive despite treatment of the underlying cancer. However, various
immunosuppressive regimens, including systemic corticosteroids, plasmapheresis, and
monoclonal antibodies, have been reported improvement in visual function.[67, 68] Testing
for serum retinal autoantibodies may be beneficial not only for supporting the diagnosis of
the condition but also to detect autoantibodies that are strongly associated with a particular
cancer which could aid in identification of a previously undiagnosed malignancy. However,
it is noteworthy that the presence of antiretinal antibodies alone does not confirm the
diagnosis of CAR, since antiretinal antibodies can also be found in general population and
other retinal diseases. [69]

M elanoma-associated retinopathy (M AR) impacts the bipolar cells in the intermediate
retina in patients with melanoma.[70] Various circulating antibodies, including antibodies
against S-arrestin, aldolase A, a-enolase and recoverin, have been associated with MAR.
[71] Average age of onset is approximately 60 years-old and males are more common
affected.[72] MAR is typically observed in patients with an established diagnosis of
melanoma that is often metastatic.[73]

Patients typically experience night blindness with positive visual phenomena described as
shimmering or flickering light. Visual acuity and color perception are relatively preserved
compared to other autoimmune retinopathies, with 80% of patients having visual acuity of
20/60 or better, which rarely progresses to blindness. Different patterns of visual field
defects are noted including central, paracentral scotoma, generalized depression, or
peripheral constriction. The fundus examination is usually normal at presentation, though
optic disc pallor, retinal vessel attenuation, and vitritis may be observed.[73]

Ophthalmic imaging including OCT and FAF are often normal in early MAR, but ERG is a
very sensitive modality in detection of compromised bipolar cell function. Dark-adapted
(scotopic) ERG is characterized by an electronegative pattern similar to congenital stationary
night blindness or CRAO. Under scotopic conditions a bright flash stimulus produces a
normal a-wave with a markedly attenuated b-wave, indicating dysfunction of the bipolar
cells, and the rod-mediated system in particular.[73] Dim-flash responses are typically
absent.

Treatment for MAR is mostly ineffective. Current strategies consist of two main measures;
cytoreduction to reduce tumor burden and antigen production, and immunotherapy to reduce
circulating antibodies.
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Retinal dystrophy

Though these are inherited diseases, symptoms can develop later in life. The early stage of
certain diseases such as cone, cone-rod dystrophies, and Stargardt disease may have central
visual loss and dyschromatopsia with a nearly normal-appearing fundus, making them
difficult to distinguish from optic neuropathy.

Cone or cone-rod dystrophies.—Patients with cone dystrophies typically exhibit
symptoms related to cone dysfunction include gradual onset of central vision loss,
dyschromatopsia, visual field defects, and light-induced blindness (hemeralopia). Onset of
disease is between first and third decade of life with unexplained subnormal vision.
Symptoms usually progress over years. Fundus exam can be normal in early stage with
bilateral symmetric macular pigmentary change or bull’s eye maculopathy developing as the
disease progress. Mild to severe temporal optic disc pallor may also be present. Visual field
defects usually affect central vision while peripheral vision remains normal. Patients with
cone-rod dystrophies may also report progressive night blindness (nyctalopia), which is a
symptom of rod dysfunction. Fundus exam in later stages may reveal peripheral retinal
atrophy.[74]

With regards to ancillary tests, OCT can demonstrate thinning of the outer retina in the
macula [75] with corresponding abnormal hypoautofluorescence on FAF images. ffERG is
considered a crucial study for cone or cone-rod dystrophies. Cone dystrophies produce
abnormal or undetectable light-adapted (photopic) ERG response. 30-Hz flicker, which is
sensitive to generalized cone dysfunction, shows abnormal delay in response time, whereas
the dark-adapted(scotopic) rod-mediated ERG response, remains relatively normal.[76]
Cone-rod dystrophies will cause abnormalities in both rod- and cone-derived responses with
cone-derived ERG being more affected than rod responses.

Stargardt disease is the most common inherited macular dystrophy, often caused by
mutations in the ABCA4 gene. The spectrum of presentations is broad ranging from mild
visual loss with less apparent fundus findings to more severe cone or cone-rod dystrophies
depending on the genotype. Onset of symptoms most commonly occurs in childhood and
early adulthood. Patients typically present with bilateral central scotomas, dyschromatopsia
and characteristic macular changes with yellowish flecked lesion at the RPE level in the
macula.[77] However, the fundus exam can be normal appearing in early stages. OCT will
reveal photoreceptor disruption extending from the central macula and (often) relatively
spared peripheral macula and retina. FAF can demonstrate fundus changes before they are
clinically evident on ophthalmoscopy. Abnormal findings from FAF includes bull’s eye
appearance, central hypoautofluorescence surrounded by area of hyperautofluorescence, and
expanding of hyperautofluorescence flecks.[78] Retina adjacent to the optic nerve is
characteristically spared throughout all disease stages which can be demonstrated on FAF
and OCT. FA reveals characteristic ‘dark choroid’ due to blockage of signal from lipofuscin
deposition in RPE.[79] ffERG can be normal in certain phenotypic subtype of Stargardt
disease with macular dysfunction but preserve generalized cone and rod function. While
PERG, which provides measurement of central retinal function, is invariably abnormal.[80]
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Toxic retinopathy

Various medications used in treatment of systemic diseases can have adverse effects on
vision, and on the retina in particular. Although most toxic retinopathies can be detected by
fundus examination, some may have normal-appearing fundus in the early stage. This
section covers toxic retinopathy commonly encounter in neuro-ophthalmology practice in
which fundus finding may be subtle or absent.

Chloroquine (CQ) or Hydroxychloroquine (HCQ), an anti-malarial drug that is also used
in collagen vascular diseases, cause dose- and duration-related retinopathy. The mechanism
is not well understood. Daily dose is the most critical determinant of risk in developing HCQ
retinopathy. Patients treated with HCQ daily dose<sbmg/kg of real body weight have less
than 1% risk in first 5 years. The risk of HCQ retinopathy is significantly higher with a
higher daily dose. In addition, the risk also increases with duration of treatment, concomitant
Tamoxifen use, or pre-existing renal disease or macular disease. Patients typically have no
visual symptoms. Visual acuity is preserved until late stage. The classic fundus appearance
is bilateral bull’s eye maculopathy, parafoveal ring of RPE depigmentation with spared
central fovea.(FigurelM) However, this finding reflects late stage of HCQ induced
maculopathy and should rarely be found in clinical practice since the current recommended
screening protocol facilitates early detection of maculopathy. Screening protocol should
include automated visual fields test and macular OCT.[81] Early signs of CQ or HCQ
induced maculopathy include parafoveal thinning of photoreceptor layers on OCT imaging.
(FigurelN) This localized loss of photoreceptors is strong indicator of toxicity. Automated
threshold visual field testing of the central 10 degrees of vision is very sensitive in the
detection of paracentral scotoma or ring scotoma. However, patients of East Asian ethnicity
often manifest toxicity beyond the macula. Therefore, wider test area of OCT and automated
visual fields test (24-2 or 30-2 study) should be considered in these patients. Other useful
tests include mfERG and FAF.[81](Figure1O) Treatment is cessation of drug. HCQ toxic
effects may continue after drug cessation for a certain period of time depending on the
severity of toxic retinopathy at the time of cessation.[82] In general, HCQ maculopathy are
irreversible. However, if the retinopathy is detected in early stage, there is a better chance to
preserve the vision.

Vigabatrin, an antiepileptic drug, is used in treatment of infantile spasm. Vigabatrin induced
retinopathy is manifested by visual field constriction, which is found in up to 52% of adults
and 34% of children who received the medication.[83] Depending on the age of patient,
Screening protocol typically includes complete ophthalmic examination, visual field testing,
and ffERG or OCT. Screening visual field testing may be challenging in young children.
Therefore, ffERG is recommended for screening in patients age<2year-old at baseline and at
3-month intervals.[84] Abnormal peripheral retinal atrophy and nasal optic disc pallor can
be observed from fundus examination. OCT can demonstrate thinning of nasal retinal nerve
fiber layer (RNFL). Reduction in amplitude of light-adapted (photopic) 30-Hz flicker ERG
is a suggested predictor of vigabatrin induced visual field defect.[85] Visual field losses and
abnormal ERG tend to persist and also show progression with exposure continue.
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Pentosan polysulfate sodium (PPS) is an only oral therapy approved by US Food and Drug
Administration for interstitial cystitis. Recently, it has been associated with pigmentary
maculopathy resembling pattern macular dystrophy and age-related macular degeneration.
Patients typically have long-term exposure to PPS with median exposure duration of 14.5
years but other risk factors including dosage have not yet identified. Currently, there is no
formal screening guideline. Although the most common visual symptoms are blurred vision
(49%) and prolonged dark adaptation (49%), visual acuity is relatively preserved with 86%
have best-corrected visual acuity 20/40 or better. [86] Visual field is generally normal unless
RPE atrophy is presented. Fundus examination may reveal paracentral hyperpigmented spot
on a yellow-orange subretinal deposits background and, later, progress to RPE atrophy. FAF
can demonstrate a densely packed pattern of hyper- and hypoautofluorescent spots centered
on fovea and improve visualization of disease extension. OCT reveals focal elevation or
thickening of the RPE and loss of definition of interdigitation zone or ellipsoid zone. ffERG
demonstrates variable attenuation of amplitude consistent with macular disease. While
mMfERG demonstrates attenuation of response amplitudes from affected area. Treatment is
cessation of drug. [86] Currently, there is lack of information on visual prognosis after drug
cessation.

Conclusion

Retinal disease should be included in the differential diagnosis alongside optic neuropathy
and cerebral vision loss in patients with “unexplained visual loss”. In addition to clinical
characteristics of visual loss pattern and fundus findings, electrophysiologic studies and
multimodal ophthalmic imaging including OCT, FAF, FA play a crucial role in diagnosis of
retinal diseases with subtle or normal-appearing fundus exam. Timely diagnosis with proper
intervention may prevent permanent visual loss or even lead to a diagnosis of an
undiagnosed malignancy or intervenable stroke risk factor.
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Figurel.
Characteristic ophthalmic imaging findings in retinal diseases that may masquerade as

neurological cause of visual loss

(A) Normal fundus photo and (B) normal optical coherence tomography (OCT)
demonstrating the cross-sectional structure of the retina with intact photoreceptor inner-outer
segment junction (ellipsoid zone) (arrowheads). Central serous chorioretinopathy(CSCR):
(C) Fundus photo reveals loss of foveal light reflex and subtle round serous macular
detachment (arrow). (D) OCT shows corresponding subretinal fluid (star). Acute central
retinal artery occlusion(CRAO): (E) Fundus photo shows diffuse opacified edematous
retina with a characteristic ‘cherry-red spot’. (£) OCT shows thickened hyperreflective inner
retina (area between arrowheads). Chronic CRAQO: (G) Reperfused retina appears relatively
normal except for optic disc pallor and attenuated retinal arterioles. () OCT shows thinning
of ischemic inner retina (area between arrowheads). M ultiple evanescent white dot
syndrome (MEWDS): (/) Fundus photo shows subtle multiple small yellow-white
perifoveal lesions (arrows). (K) Fundus autofluorescence (FAF) demonstrates numerous
hyperautofluorescent lesions in the macula and peripapillary region (L) Normal FAF for
comparison. (J) OCT shows disruption of the ellipsoid zone (arrowheads).
Hydroxychloroquine (HCQ) retinopathy (late stage): (M) Fundus photo shows parafoveal
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retinal pigment epithelium depigmentation with (O) corresponding hyperautofluorescent
parafoveal lesion on FAF. (P)Normal FAF for comparison. (N) OCT shows parafoveal
photoreceptor loss (arrowheads).
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Table 1:

Differential diagnosis in patients presenting with vision loss

Page 21

Examination reveals apparent etiology of visual loss

Category

Suggestive signs

Uncorrected refractive errors

= Visual acuity improves with pinhole or glasses.

Ocular media opacity (e.g. corneal, lens or
vitreous pathology

= Abnormal findings on ophthalmic examination (e.g. slit-lamp examination),

- Diminished red-reflex.

Retinopathy or choroidopathy

= Abnormal fundus findings

Optic neuropathy/chiasmopathy

- Localizing visual field defects

- Dyschromatopsia
- Swelling or pallor of the optic nerve head
- rAPD present (asymmetric disease)

Retrochiasmal anterior optic pathway (optic tract)/
posterior visual pathway (retrogeniculate) lesion

- Bilateral homonymous visual field defects

- Typically preserved visual acuity

Examination does not reveal apparent etiology of

visual loss

Category

Possible etiologies

Retinal disease with normal-appearing fundus or
subtle abnormalities

= Central serous chorioretinopathy

- Retinal vascular insufficiency, hyperacute/chronic (e.g. CRAO, BRAO)

- Acute macular neuroretinopathy

- AZOOR complex diseases (e.g. AIBES, MEWDS, AZOOR)

- Paraneoplastic retinopathy (e.g. CAR, MAR)

- Retinal dystrophy (e.g. Cone, cone-rod dystrophies, macular dystrophies)

= Toxic retinopathy (e.g. CQ or HCQ induced retinopathy, Vigabatrin induced
retinopathy)

Neurological disease lacking

- Dyschromatopsia

- Swelling or pallor of the optic nerve head
*rAPD

> Localizing visual field defects

- Optic neuropathy (early-stage or lacking axonal loss)

- Bilateral occipital lobe dysfunction
= Higher order visual processing disturbance
- Functional neurological symptom disorder

Abbreviation: rAPD = relative afferent pupillary defect, CRAO = central retinal artery occlusion, BRAO = branch retinal artery occlusion, AIBES =
acute idiopathic blind-spot enlargement syndrome, MEWDS = multiple evanescent white dot syndrome, AZOOR = acute zonal occult outer
retinopathy, CQ = Chloroquine, HCQ = Hydroxychloroquine.
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