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Abstract
Purpose  We aim to report on the clinical, imaging, immunological, and electrophysiological features of patients with auto-
immune retinopathy (AIR) with long-term follow-up.
Methods  Single-center, retrospective study of a consecutive group of AIR patients treated in a tertiary academic medical 
center.
Results  Included were nine patients with a mean ± SD age at presentation of 65 ± 13 years and a median follow-up of 
63 months (range 18–120). Five patients were known to have cancer. Median interval between onset of ocular symptoms and 
diagnosis of AIR was 36 months. Mean baseline and final LogMAR visual acuity were 0.72 ± 0.9 and 1.1 ± 1.2, respectively 
(p = 0.17). The most common funduscopic findings included optic atrophy and bone-spicule-like pigmentation. Thinning 
of the nerve fiber layer was the most frequent optical coherence tomographic abnormality. Electroretinographic (ERG) 
recordings demonstrated variably reduced cone- and rod-derived amplitudes in the majority of eyes at presentation. The 
most commonly detected anti-retinal antibody was anti-α-enolase. Treatment included immunomodulatory therapy and 
plasmapheresis. ERG tests showed stability in 64% of eyes throughout the treatment period.
Conclusion  This study highlights the importance of maintaining a high index of suspicion of AIR, particularly in late 
middle-aged and elderly patients with “unexplained” visual loss, in light of the non-specific posterior segment signs and the 
inconsistency of the routinely used ancillary tests.
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Key messages

Known key messages 

Autoimmune retinopathy (AIR) is a progressive retinal degeneration caused by autoimmune processes. It is a 
diagnostic and therapeutic challenge with no established therapeutic protocol to date. 

The study shows lack of agreement between the commonly used ancillary tests like visual fields and OCT. 

ERG was demonstrated to be a useful marker for assessing disease progression and response to treatment. 

Throughout the long-term follow-up period, patients exhibited mostly stability of ERG parameters with 
immunomodulatory therapy.

New key messages 
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Introduction

Autoimmune retinopathy (AIR) is a progressive reti-
nal degeneration caused by autoimmune processes. It is 
characterized by the presence of circulating anti-retinal 
antibodies (ARA) that are believed to lead to injury of 
photoreceptors or other neuronal elements in the retina; 
however, the exact mechanism by which such injury occurs 
is not entirely understood. AIR is subdivided into paraneo-
plastic and non-paraneoplastic categories. Paraneoplastic 
retinopathies (pAIR) include cancer-associated retinopathy 
(CAR), melanoma-associated retinopathy, and lymphoma-
associated retinopathy [1–3].

Non-paraneoplastic retinopathy (n) pAIR is composed 
of a large group of autoimmune retinopathies with features 
similar to those of CAR, but without a known underlying 
malignancy. (n) pAIR is usually diagnosed at a younger 
age and is more prevalent in people with a known personal 
and/or familial history of autoimmune diseases [1, 4–6].

Symptomatology includes acute, chronic, and progres-
sive vision loss associated with photopsia, nyctalopia, color 
vision defects, and visual field (VF) defects [1, 4, 7, 8].

AIR is difficult to detect on clinical grounds alone since 
patients often exhibit minimal retinal changes [4, 5, 9]. 
Therefore, ancillary tests are needed to quantify and con-
firm the loss of retinal function. Unfortunately, to date, no 
single gold standard test exists to confirm the diagnosis of 
AIR, thus requiring multiple tests to support this some-
what elusive diagnosis.

Such ancillary tests include VF tests, optical coherence 
tomography (OCT) imaging, electroretinography (ERG), 
and serum ARA testing. VF deficits can manifest as gen-
eralized depression, or scotomas that can be central, para-
central, arcuate, or ring-shaped [10]. OCT most commonly 
shows retinal atrophy and loss of outer retinal bands, such 
as ellipsoid zone (EZ), the surveillance of which may poten-
tially serve as an indicator of disease progression [5, 11–13]. 
Full-field ERG (FF-ERG) can be useful in the diagnosis and 
in monitoring of disease course. Abnormal ERG findings 
may include suppressed or even extinguished a-waves and/
or b-waves, as well as electronegative waveforms. Notably, 
this reduction in ERG amplitudes can be demonstrated early 
in the course of disease, while the funduscopic exam is still 
normal [11, 14]. The presence of circulating serum ARA is 
helpful for diagnosis; however, the laboratory tests for ARA 
are not readily available in most ophthalmological settings, 
and their diagnostic accuracy as a single test is limited [1, 
7]. While fluorescein angiography (FA) is unremarkable in 
most AIR patients, it is nonetheless useful for ruling out 
other posterior segment pathologies [15].

Long-term immunomodulatory therapy (IMT) is con-
sidered the mainstay of treatment [16]. Different regimens 

of IMT such as corticosteroids [17], plasmapheresis [18], 
intravenous immunoglobulin [19], cyclosporine, mycophe-
nolate mofetil [6], and rituximab [20] have been used in 
the treatment of AIR.

The low incidence of this entity combined with difficulty 
confirming the diagnosis and monitoring the response to 
treatment makes the management of AIR challenging [5]. 
While various imaging modalities are helpful in establishing 
the diagnosis of AIR [13, 21], there is limited information on 
long-term ERG findings following therapy [20]. The aim of 
this study is to describe clinical, imaging, immunological, 
and electrophysiological features of nine patients with AIR 
over a long-term follow-up.

Methods

This is a single-center, retrospective study of a consecutive 
group of AIR patients who were treated at a tertiary referral 
center. The study was approved by the Institutional Review 
Board and included waiver of informed consent for the chart 
review. The study was conducted in adherence to the tenets 
of the Declaration of Helsinki.

Medical history was extracted from the medical records, 
including ocular and systemic symptoms, personal and fam-
ily history of autoimmune disorders and malignancies. Ocu-
lar findings at the initial and follow-up visits were recorded 
including best-corrected Snellen’s visual acuity (VA), 
slit-lamp biomicroscopy, tonometry, and ophthalmoscopy. 
LogMAR (log of the minimum angle of resolution) trans-
formation was used to estimate the change in VA. For the 
purpose of analysis, VA of ≤ 6/60 was defined as severe vis-
ual loss, of 6/60 to 6/12 was defined as moderate visual loss 
and ≥ 6/12 was defined as good VA [22]. Results from ancil-
lary tests including spectral-domain OCT (SD-OCT), FA, 
VF, FF-ERG, and serum ARA testing were obtained. Results 
of systemic work-up including complete blood count, liver 
and kidney function tests, erythrocyte sedimentation rate, 
C-reactive protein, total body Computerized Tomography 
(CT) were also recorded. Additional tests, including upper 
and lower gastrointestinal endoscopy and brain magnetic 
resonance imaging (MRI), were individualized according 
to each patient’s clinical history, risk factors, general physi-
cal examination, and preliminary tests.

pAIR was diagnosed based on a suggestive clinical pres-
entation in a patient with previous or present malignancy, 
abnormal FF-ERG, and positive serum ARA. (n) pAIR was 
diagnosed in the absence of history of malignancy combined 
with an extensive work-up that failed to reveal an underlying 
malignancy. For all patients, vision was unaffected before 
the present illness, and a complete medical and family his-
tory failed to suggest a genetic form of retinal degeneration 
or any other cause for retinopathy.
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Western blot testing for serum ARA was performed at the 
Ocular Immunology Laboratory, Casey Eye Institute, Ore-
gon Health and Science University on a commercial basis. 
Serum ARA were reported based on the molecular weights 
(kDa) of the antigenic retinal proteins.

For all patients, a complete International Society for Clin-
ical Electrophysiology of Vision (ISCEV) standard ERG was 
performed with one modification. When examining the rod 
response, a dim blue flash (equivalent to the 0.01 cd.s/m2 
as specified by the standard) was employed instead of the 
dim white flash specified in the ISCEV standard. Recorded 
FF-ERG parameters included b-wave amplitude of the iso-
lated rod response (dim blue flash, dark adapted), the a-wave 
and b-wave amplitudes and latency of the mixed rod-cone 
response (standard bright white flash, dark adapted), and 
amplitude and implicit time of the 30-Hz cone flicker 
response (standard bright white flash, light-adapted). The 
cone 1-Hz responses and the oscillatory potentials were not 
analyzed in the present study. FF-ERGs were performed in 
accordance with the ISCEV Standard employing the LKC 
UTAS 3000 system, and Henkes monopolar contact lens 
electrodes were used (Gaithersburg, MD)[23]. Treatment 
regimens and ERG parameters before and after therapy were 
collected. The FF-ERG responses’ amplitudes were reported 
in microvolts for each eye. ERG responses were considered 
stable when the reported amplitudes were within 25% of the 
baseline values [20] and when cone flicker implicit time was 
within 10% of the baseline value. As there were multiple 
parameters in the ERG tests, stability or worsening in each 
ERG test was defined as stability or worsening in 50% of 
the parameters of that test. The test was determined to be 
inconclusive when 50% of the parameters were worse and 
the other 50% were stable or better [20].

Multifocal ERG (MF-ERG) and the electrooculography 
test were performed in only a minority of patients and their 
findings were thus not analyzed.

A Heidelberg Spectralis (Heidelberg Engineering; Hei-
delberg, Germany) SD-OCT system was used to acquire a 
30° × 25° 61-line foveal-centered high-speed volume scan 
(nine averaged images), a foveal-centered 30° × 5° high 
resolution seven-line scan (25 averaged images), and a sin-
gle 30° foveal-centered high speed line scan (100 averaged 
images). Humphrey VF 24–2 testing (HVF; Carl Zeiss Med-
itec, Inc., Dublin, CA) was performed for the assessment of 
VF defects.

The ancillary tests were evaluated separately by 2 of the 
authors (KS, RA) and the descriptions mentioned in the text 
were the ones agreed upon by the 2 authors.

Statistical analysis

Statistical analyses were performed using SPSS (version 
27.0; IBM Corp., Armonk, NY). Tests for normality of data 

were first performed using the Kolmogorov–Smirnov and 
Shapiro–Wilk analysis. Measurements of continuous vari-
ables were summarized using means, standard deviation 
(SD), median and range. Categorical variables were pre-
sented as frequencies and percentages. When the data were 
normally distributed, the comparison between baseline and 
end of study parameters was performed using Student’s t 
test. However, when normal distribution was not achieved, 
the non-parametric Mann–Whitney test was computed. In 
order to test the associations between two categorical vari-
ables, Fisher’s exact test was used. Generalized estimat-
ing equations (GEE) were used to adjust for correlations 
between the eyes regarding ERG parameters, while taking 
into consideration the age and the time interval between the 
onset of symptoms to AIR diagnosis. Measurements of the 
GEE model were summarized using regression coefficients 
(beta), standard errors (SE), confidence interval (CI), Quasi-
likelihood under independence model criterion (QIC), and 
p value. Intraclass correlation coefficients (ICC) between 
the eyes for VA and ERG parameters at presentation were 
computed. Kaplan–Meier curve was designed in order to 
evaluate the rate of visual deterioration throughout the entire 
study. p value < 0.05 was considered statistically significant.

Results

Demographic features and underlying medical 
conditions

Nine patients (n = 6 males) were included in this study, with 
a mean ± SD age of 65 ± 13 years at presentation (median 67, 
range 44–80). Mean duration of follow-up was 63 months 
(median 63, range 18–120). Patients were followed-up 
between the years 2009 and 2019.

Five patients (n = 4 males) had a previous history of 
malignancy: three had prostate adenocarcinoma, one had 
non-small cell lung adenocarcinoma (NSCLC), and one had 
carcinoma of colon (Table 1). Patient 1 also had previous 
renal cell carcinoma. Previous malignancy was diagnosed 
at a mean of 11 years before diagnosis (median 11, range 
1–20 years). Only two of these patients were being actively 
treated for metastatic disease at the time of presentation: 
patient 4 with bone metastases secondary to prostate cancer 
was treated with Goserelin (GnRH analogue) and patient 5 
with brain metastases secondary to NSCLC was treated with 
Afatinib (tyrosine kinase inhibitor). Mean age of patients 
with pAIR at the time of presentation was 70 years (median 
68, range 57–80). Patients 1 and 4 deceased 4.5 and 1.5 years 
after their first presentation, respectively.

In four patients (n = 2 males), an extensive work-up did 
not reveal any underlying malignancy at presentation as well 
as throughout the period of the follow-up. The mean age 
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of these patients at the time of presentation was 58 years 
(median 56, range 44–75).

Two patients with (n) pAIR and one patient with pAIR 
had a personal history of autoimmune disease (Table 1). Two 
patients with (n) pAIR and one patient with pAIR had a 
family history of malignancy: patient 6 with (n) pAIR had a 
son who died at the age of 22 years because of glioblastoma 
multiforme (GBM) and two of his sisters were diagnosed 
with breast cancer. The mother and sister of patient 8 suf-
fered from breast cancer. The son of patient 5 died at the age 
of 48 years because of GBM (Table 1).

Ocular signs and symptoms

Seven patients exhibited bilateral eye involvement (patients 
1 and 3 previously underwent retinal detachment repair by 
pars plana vitrectomy and silicone oil tamponade. We there-
fore could not attribute the changes of the ERG responses in 
these eyes exclusively to AIR, and they were excluded from 
the study, yielding 16 eyes). The most common presenting 
symptom was reduced visual acuity (n = 6/9 patients), fol-
lowed by nyctalopia (n = 4/9), blurred vision (n = 3/9), VF 
defects (n = 2/9), and photophobia (n = 1/9; Table 1). The 
mean time interval between onset of ocular symptoms and 
diagnosis was 36 months (range 12–84, median 36).

Mean LogMAR VA at presentation and at last follow-
up was 0.72 ± 0.9 and 1.1 ± 1.2, respectively (p = 0.17). At 
presentation, there was good VA in 8/16 eyes (50%), and 
moderate or severe visual loss in 4/16 eyes each (25%). At 
the last follow-up, good VA and moderate visual loss was 
observed in 5/16 eyes each (31%) and severe visual loss was 
observed in 6/16 eyes (38%). Kaplan–Meier survival curve 

(Fig. 1) shows the cumulative incidence of vision deteriora-
tion by at least one line on the Snellen chart during the entire 
study. Half of the eyes that exhibited visual deterioration 
experienced it up to 70 months from presentation.

Ocular examination demonstrated no signs of anterior 
chamber or vitreous inflammation. Apart from patient 6 
who had a normal fundus examination at presentation and 
all throughout follow-up (Fig. 2), all other patients exhibited 
some form of posterior segment pathology (Table 2). The 
two most commonly encountered ocular signs were optic 
disc atrophy (OA) and bone spicule-like pigmentation; each 
observed in 56% of the eyes (9/16 eyes). Additional frequent 
signs included retinal arteriolar attenuation and retinal atro-
phy, each observed in 50% of the eyes (n = 8/16 eyes) as 
well as cystoid macular edema (CME), which was observed 
in 25% of the eyes (n = 4/16 eyes). OA was more prevalent 
in the eyes with pAIR than eyes with (n) pAIR (p = 0.04) 
(Table 2).

Ancillary tests

The most frequent VF defects were tunnel vision and cen-
tral/paracentral scotomas; each observed in 25% of eyes 
(n = 4/16 eyes). Arcuate scotoma was observed in 19% of 
eyes (n = 3/16 eyes), and diffuse VF defects were observed in 
13% of eyes (n = 2/16 eyes). VFs were interpreted as normal 
in 19% of the eyes (3/16) (Table 3).

OCT was interpreted as normal in 50% of the eyes 
(n = 8/16 eyes) (Tables 3, 4). The most frequent abnormal-
ity seen in half of the eyes (n = 8/16 eyes) was attenuation 
of the nerve fiber layer. Attenuated outer nuclear layer and 
disrupted/absent EZ was each observed in 38% of the eyes 

Fig. 1   Kaplan–Meier survival 
curve shows the cumulative 
incidence of vision deteriora-
tion by at least one line on the 
Snellen chart during the entire 
study. Half of the eyes that 
exhibited visual deterioration 
experienced it up to 70 months 
from presentation
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(n = 6/16 eyes). CME was observed in 25% of the eyes 
(n = 4/16 eyes).

FA was interpreted as normal in nine eyes. Two eyes 
demonstrated a mixed pattern of hypo-fluorescence and 
hyper-fluorescence and two eyes exhibited macular capil-
lary leakage compatible with CME. FA was not available 
for three eyes (patients 1 and 9; Table 3). Overall, four 
patients had abnormalities in VF, FA, and OCT tests. Three 
patients had normal OCT but defective VF whereas in two 

patients, no abnormality was detected in either FA, VF, or 
OCT (Table 3).

The most commonly encountered serum ARA was anti-
α-enolase antibody (46 kDa; n = 4 patients) identified only 
in (n) pAIR patients (Table 3). In two patients, anti-carbonic 
anhydrase II antibodies (30  kDa) were detected. Other 
serum antibodies detected were targeted against proteins at 
the molecular weights of 80 kDa, 70 kDa, 50 kDa, 40 kDa, 
38 kDa, 36 kDa, 33 kDa, 31 kDa, 30 kDa, and 29 kDa. 
Five patients, four of whom were diagnosed as pAIR, had a 

Fig. 2   Visual acuity and electroretinography parameters at the ini-
tial visit and the most recent visit in patients with autoimmune 
retinopathy. A LogMAR visual acuity. B Mixed rod-cone response 
a-wave amplitude. C Mixed rod-cone response b-wave amplitude. D 
30-Hz flicker amplitude. E 30-Hz flicker implicit time. F Scotopic 

rod response b-wave amplitude. The lower and upper lines show the 
25th–75th percentile. The middle line represents the median. Vertical 
line extends from the minimum to the maximum. Separate dots show 
far out values.

Table 2   Ocular signs at 
presentation in the eyes with 
paraneoplastic retinopathy 
and in the eyes with non-
paraneoplastic retinopathy

Fundus examination (eyes) All 16 eyes Paraneoplastic 
retinopathy
(8 eyes)

Non-paraneoplastic 
retinopathy
(8 eyes)

p value

Normal 2 (12.5%) 0 2 (25%) 0.5
Optic disc pallor 9 (56%) 7 (88%) 2 (25%) 0.04
Bone spicule-like pigmentation 9 (56%) 5 (63%) 4 (50%) 0.9
Retinal arteriolar attenuation 8 (50%) 5 (63%) 3 (38%) 0.6
Retinal atrophy 8 (50%) 6 (75%) 2 (25%) 0.06
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single ARA. Three patients, all diagnosed as (n) pAIR, had 
multiple bands of ARA (≥ 3 bands). One patient (patient 4) 
declined testing for serum ARA (Table 3).

ERGs were available for nine patients and 16 eyes (as 
mentioned above). ERG parameters were obtained from 
the first ERG recorded at presentation before initiating 
therapy as well as from the last available ERG test per-
formed at a mean of 3.3 years after presentation (median 
2.3, range = 1–10 years).

Mean cone flicker amplitude was 36.8 initially (nor-
mal ≥ 60 μV) vs. 35.7 on last exam (Table 5, Fig. 2). Mean 
cone flicker implicit time at presentation was 33.5 ms (nor-
mal ≤ 33 ms) vs. 34.9 ms on last exam. Mean a–wave ampli-
tude of the dark adapted mixed rod-cone response at pres-
entation was 94.9 (normal ≥ 100 μV) vs. 98.3 on last exam. 
Mean b–wave amplitude of the dark-adapted mixed rod-
cone response at presentation was 162 (normal ≥ 400 μV) 
vs. 156.6 on last exam. Mean b-wave amplitude of the 

dark-adapted rod response employing dim blue light was 
130.3 (normal ≥ 200 μV) at presentation vs. 96.6 on last 
exam. No significant difference was observed between the 
initial and most recent exam in the mean values of all of 
the above ERG parameters, also after excluding the non-
measurable responses. ICC at presentation was 0.97 for cone 
flicker amplitude, 0.97 for cone flicker implicit time, 0.85 for 
a–wave amplitude of the mixed rod-cone response, 0.91 for 
the b–wave amplitude of the mixed rod-cone response, 0.89 
for the b-wave amplitude of the dark-adapted rod response, 
and 0.81 for VA. GEE showed that for cone flicker ampli-
tude, beta ± SE was 0.4 ± 0.09 (confidence interval (CI) 
12–53, QIC 3973, p = 0.01), for cone flicker implicit time, 
beta ± SE was 0.34 ± 0.02, (CI 30–38, QIC 293, p = 0.01)), 
for mixed rod-cone response a-wave amplitude, beta ± SE 
was 1.01 ± 0.03 (CI 55–166, QIC 20,332, p = 0.01), for 
mixed rod-cone response b-wave amplitude, beta ± SE was 
1.12 ± 0.27 (CI 53–266, QIC 18,880, p = 0.01), and for rod 

Table 4   Optical coherence 
tomographic features at 
presentation in the eyes with 
paraneoplastic retinopathy 
and in the eyes with non-
paraneoplastic retinopathy

Optical coherence tomographic features All 16 eyes Paraneoplastic 
retinopathy
(8 eyes)

Non-paraneoplas-
tic retinopathy
(8 eyes)

p value

Normal 8 (50%) 2 (25%) 6 (75%) 0.14
Attenuated nerve fiber layer 8 (50%) 6 (75%) 2 (25%) 0.14
Attenuated outer nuclear layer 6 (38%) 4 (50%) 2 (25%) 0.6
Absent or disrupted ellipsoid zone 6 (38%) 4 (50%) 2 (25%) 0.6
Cystoid macular edema 4 (25%) 2 (25%) 2 (25%) 0.9

Table 5   Electroretinogram parameters at presentation and after ther-
apy including cone flicker amplitudes and implicit time, mixed cone-
rod a- and b-waves and rod b-wave response in blue light. NL normal 
limit, NR non-recordable, RE* RE at presentation, RE** RE after 
therapy, LE* LE at presentation, LE** LE after therapy; *in patient 

#4, the ERG was done only once. W worse, I improved, S stable. 
Parameters that have worsened in accordance with the definitions in 
the methods section are red-colored while parameters that improved 
are green-colored. Stable parameters are not color-coded

ERG 
Parameter

s

Cone Flicker Amplitude 
(NL ≥60uV)

Cone flicker implicit
(NL up to 33msec)

Mixed rod-cone 
response a-wave 

amplitude
(NL ≥100uV)

Mixed rod-cone 
response b-wave 

amplitude
(NL ≥400uV)

Rod b-wave response 
in blue light
(NL ≥200uV)

Change in
ERG Test

Pa�ent's 
Number-
Time of 

follow-up 
ERG

RE* RE** LE* LE*
* RE* RE** LE* LE*

* RE* RE** LE* LE*
* RE* RE** LE* LE*

* RE* RE*
* LE* LE*

* RE LE

#1-4y 63 71 32.
2 30 84 143 259 250 214 214 S

#2-1y 11 12 10 12 36 37 38 39 22 23 37 46 112 53 54 37 95 53 55 37 S S

#3-4y 18 15 30 35 150 201 75 89 NR NR S

#4* NR NR NR NR 19 NR 45 NR NR NR

#5-1.5y 76 58 53 68 30 34 30 35 153 78 57 169 266 245 97 343 184 172 84 191 S I

#6-10y 93 68 90 52 35 39 36 37 201 186 224 155 407 296 404 232 321 205 356 196 W W

#7-3y 48 19 47 19 35 30 34 33 171 43 126 30 231 88 172 57 227 NR 185 NR W W

#8-1.5y 40 42 25 50 29 28 29 33 134 138 141 164 233 236 237 267 153 142 211 143 S S

#9-1y 6.8 14 9 NR 38 44 37 NR NR NR NR NR NR NR NR NR NR NR NR NR S S
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b-wave response in blue light, beta ± SE was 1.41 ± 0.31 (CI 
106–208, QIC 16,344, p = 0.01).

Worsening of ERG tests over time was observed in 4/14 
eyes (28.6%), stability was seen in 9/14 eyes (64.3%), and 
improvement in 1/14 eye (7.1%) (In patient #4, the ERG 
was done only at presentation; therefore, the total number 
of eyes analyzed for assessing ERG changes over time was 
14) (Table 5).

Management

Eight patients received IMT with or without plasmapheresis 
while one patient declined treatment. Seven patients were 
managed by more than one form of therapy and one patient 
received azathioprine monotherapy (Table 1).

The following are two representative case descriptions of 
a patient with (n) pAIR and a patient with pAIR:

Case report 6

A 47-year-old healthy man presented with a 3-year history of 
bilateral visual disturbances. He described “bagel-shaped” 
blurriness of vision around fixation that initially started in 
the left eye and after a period of 18 months affected the right 
eye as well. On examination, LogMAR VA was 0 in each 

eye, with normal intraocular pressures, anterior segments, 
and funduscopy (Fig. 3). Fundus autofluorescence, FA, and 
OCT did not exhibit any pathological findings (Fig. 3, 6). 
However, serial VF tests demonstrated bilateral enlarging 
central scotomata (Fig. 4). Brain MRI, cerebrospinal fluid 
examination, and total body CT scans were normal. Electro-
physiological studies that included FF-ERG, visual evoked 
potential and electro-oculograms were also within normal 
limits (Fig. 5, 6). Multifocal ERG testing revealed subnormal 
amplitudes and increased latency bilaterally in the central 
10 degrees and a progressive reduction in amplitudes over 
3 years of follow-up. Testing for serum ARA revealed the 
presence of anti-α- enolase autoantibodies. The patient was 
thus diagnosed as (n) pAIR. Treatment was initiated with 
intravenous methylprednisolone (1 g/day for 3 consecutive 
days) followed by a tapering regimen of oral steroids. Sub-
sequently, azathioprine was added as a steroid-sparing agent 
and the patient underwent plasmapheresis over a 3-week 
period. No subjective or objective improvement was noted 
and there was no change in the titer of anti-α-enolase autoan-
tibodies in the post-treatment period in comparison to the 
pre-treatment titer. Because of progressive worsening in 
multifocal ERG parameters and because of enlarging cen-
tral scotomata, rituximab therapy was instituted. Again, no 
improvement was demonstrated by ancillary testing. Nota-
bly, the patient’s 22-year-old son passed away because of 
GBM and 2 of his sisters were diagnosed with breast cancer. 
After a follow-up period of 10 years, no malignancy was 

Fig. 3   In the left panel, normal color fundus photographs and short-wave autofluorescence images are seen. In the right panel, normal nerve 
fiber layer thickness is demonstrated in both eyes by optical coherence tomography
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detected on repeated examinations. LogMAR VA was 2 in 
each eye. On 2 instances, the patient complained of periph-
eral scotomata while on azathioprine monotherapy which 
were recorded by VF testing and were completely reversible 
on re-institution of prednisone therapy (Fig. 7).

Case report 2

A 67-year-old female patient presented because of progres-
sive visual disturbances and nyctalopia over the preceding 
4 years. The patient noted bumping into things and has 
fractured her arm on a trip. Past medical history revealed 
colonic adenocarcinoma, which was resected by right hemi-
colectomy 4 years earlier and was subsequently treated by 
chemotherapy. LogMAR VA was 0 in each eye with nor-
mal intraocular pressures. Anterior segments and vitreous 
were quiet with bilateral pseudophakia. Funduscopy (Fig. 8) 
revealed bilateral OA, diffuse retinal atrophy, markedly 
attenuated retinal vessels with lack of retinal vasculature in 
the periphery and minimal fine bone spicule-like pigmenta-
tion. VF testing revealed an inferior arcuate defect in the 

right eye and peripheral constriction of the VF in the left 
eye (Fig. 9). OCT demonstrated atrophy of outer nuclear 
layers and disrupted outer retinal bands that were more 
extensive in the left than in the right eye (Fig. 10). In addi-
tion, extensive nerve fiber layer thinning was noted bilater-
ally. FF-ERG revealed significantly reduced a- and b-wave 
amplitudes. Electro-oculographic testing exhibited severely 
reduced Arden ratios of 109% in the RE and 108% in the LE 
(normal 185–250%). Family history did not reveal a suspi-
cion for a genetic form of retinal degeneration. Serum was 
tested for ARA and was positive for autoantibodies against a 
retinal antigen of 50kD. The patient was initially treated with 
a 3-day pulse therapy of intravenous methylprednisolone 
(1000 mg/day) followed by an oral steroid taper. Azathio-
prine and cyclosporine were added later during the course 
of treatment. After a 4-year follow-up period, the patient 
maintained a near visual acuity of Jaeger 2 in the right eye 
and Jaeger 7 in the left eye.

Fig. 4   Central visual fields 
(10–2) over a 3-year-period 
of follow-up demonstrate 
progressively enlarging central 
scotomata in both eyes
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Fig. 5   In the upper panel, normal responses of the cone flicker, of the b-wave of the mixed dark-adapted rod-cone response, and of the b-wave of 
the isolated rod response are demonstrated. In the middle and lower panels, ERG responses are shown (at presentation and 10 years later)

Fig. 6   In the upper panel, normal foveal contour is demonstrated in both eyes by optical coherence tomography. In the lower panel, EOG 
responses at presentation are shown (Arden ratio in the right eye was 196% and in the left eye was 218%)
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Discussion

This study highlights the importance of maintaining a high 
index of suspicion of AIR, particularly in late middle-aged 
and elderly patients with “unexplained” visual loss, in light 

of the non-specific posterior segment signs and the incon-
sistency of the routinely used ancillary tests.

Firstly, lack of agreement between the commonly used 
tests, namely, OCT and VF, was observed in one-third of 
patients who exhibited normal OCTs while having abnor-
mal VFs. In two patients (22%), the symptoms of visual 

Fig. 7   The patient presented with complaints of darkness in the upper 
part of the left visual field 3  weeks after discontinuing prednisone 
while being maintained on azathioprine monotherapy. SITA standard 
visual field (24–2) revealed new superior scotomata in both eyes, big-
ger and connected to the pre-existing central scotoma in the left eye. 

Treatment with prednisone was instituted (1 mg/kg/day for 2 weeks) 
followed by a tapering regimen. Five weeks later, resolution of the 
superior scotomata was noted in both eyes, while the central scoto-
mata persisted
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disturbances were not reflected in either OCT, VF, or FA. 
However, four patients (44%) demonstrated abnormalities on 
all three of the above tests. The challenge in diagnosing this 
entity was reflected in the markedly long mean interval of 
3 years between the onset of ocular symptoms and diagnosis.

Secondly, electrophysiological testing helped in trigger-
ing the workup of the patients’ complaints, since it demon-
strated reduced parameters in most of patients. This study 
confirms previous ones that showed that ERG was a sensitive 

test in revealing the underlying retinal dysfunction and in 
serving as a functional correlate to assess for disease pro-
gression and response to treatment[20]. Good inter-ocular 
symmetry for VA and ERG parameters at presentation was 
illustrated by ICC. GEE demonstrated correlation between 
the fellow eyes for all ERG parameters between baseline 
and last exam. Correlation was higher for mixed rod-cone 
response a- and b-wave amplitudes and for rod b-wave 

Fig. 8   Color fundus photo-
graphs showing markedly 
attenuated retinal vessels with 
absence of retinal vasculature in 
the upper retina of the right eye. 
Diffuse retinal atrophy is noted 
with a small area of pigmenta-
tion on the nasal side of left 
optic disc

Fig. 9   SITA standard (24–2) visual fields demonstrate an inferior arcuate scotoma in the right eye and tunnel vision (central island) in the left 
eye
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response in blue light than for cone flicker amplitude and 
implicit time.

In the present study, five patients had pAIR induced by 
prostate, lung, and colon malignancies. Previous malignancy 
was diagnosed on average 11 years prior to the patients’ 
presentation. Careful history taking in patients with unex-
plained visual loss is the cornerstone in establishing the 
diagnosis of pAIR. Patients whose malignancy has com-
pletely resolved many years earlier may not be aware of the 
possible link between the previous cancer and the present 
visual complaints; they may therefore not disclose their 
full past medical history on presentation. In the first report 
published in 1976 on pAIR, Sawyer et al. [17] reported 
on three patients who developed photoreceptor degenera-
tion 1 to 4 months preceding or following the discovery of 
an anaplastic tumor. Subsequent reports described longer 
intervals between the preceding malignancy and the onset 
of the visual disturbances. Igarashi N et al. [24] reported 
pAIR developing 10 years after complete remission from 
breast cancer.

Four of our patients had (n) pAIR; they had no history of 
malignancy and extensive systemic work-up at the time of 

their presentation did not reveal an occult underlying malig-
nancy; it was also not revealed over the median follow-up 
period of 5 years. Ultimately, (n) pAIR is a diagnosis of 
exclusion and diligent regular screening at regular intervals 
is essential for tumor surveillance.

Patients with (n) pAIR were younger than patients with 
pAIR (median was 56 vs 68 years respectively). Similarly, 
Maleki et al. [20] and Finn et al. [11] reported on a median 
age of 49 and 59 years in patients with (n) pAIR, respec-
tively, while Makiyama et al. [25] reported on a median of 
66 years in patients with pAIR.

Optic disc atrophy and bone spicule-like pigmentation 
were the two most commonly encountered ocular signs. OA 
was more prevalent in the eyes with pAIR than the eyes 
with (n) pAIR. Weleber et al. [8] reported on the clinical 
and electrophysiological features in 12 patients with anti-
enolase retinopathy; seven of them developed optic disc pal-
lor, presumably from attrition of ganglion cells (4 patients 
had (n) pAIR and 3 had pAIR). Meticulous assessment of 
the sectorial thickness of each retinal layer at macular level 
will enable us to better define the pathological retinal layers.

Fig. 10   Optical coherence tomography demonstrates attenuated outer nuclear layers and outer retinal bands in both eyes with preservation of the 
very central part of the ellipsoid zone, more in the right than in the left eye
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The most commonly detected ARA in our study was anti-
α-enolase antibody. It was detected in 4 patients (44%); all 
of whom were diagnosed as having (n) pAIR. Anti-recoverin 
antibodies were not detected in our cohort. Weleber et al. 
[8] reported that among 37 patients diagnosed with AIR 
at Portland, Oregon, anti-α-enolase antibody was the most 
commonly detected autoantibody (12 patients (32%)) and 
most of the patients affected by anti-enolase retinopathy 
were confirmed to be (n) pAIR. Anti-α-enolase antibodies 
have also been detected in healthy individuals [26, 27] and 
in patients with autoimmune diseases [27, 28]. This could 
be related to the multifunctional properties of α-enolase; as 
besides its glycolytic function, it has also been demonstrated 
to function as a structural protein, a stress protein induced 
by hypoxia, a controller of cell growth and differentiation, a 
regulator of c-myc protooncogene expression, and possibly 
a suppressive lymphokine[28].

Anti-enolase retinopathy almost invariably begins with 
central visual dysfunction but is characterized by more 
protean clinical features than anti-recoverin retinopathy. 
Each of the four affected patients in our cohort found posi-
tive for the presence of anti-enolase presented with a dif-
ferent VF defect: arcuate and central scotomata, tunnel 
VF, and normal VF. Weleber et al. [8] described gradual 
visual impairment to be a characteristic feature of anti-
enolase retinopathy and reported that visual loss rarely 
becomes as profound as with anti-recoverin retinopathy, 
often remaining relatively stable for years. However, in 
our cohort, 2 patients with anti-enolase retinopathy exhib-
ited an extinct ERG (patient 9 at presentation and patient 
7 over the course of follow-up). Although it is unclear 
whether the additionally detected autoantibodies had path-
ologic significance, their existence apparently contributed 
to the diverse clinical, electrophysiological, and perimetric 
phenotypes.

The second most commonly encountered auto-antibody 
was anti–carbonic anhydrase II (anti-CAII, 30 kDa), which 
was detected in 2 patients. It had also been detected in sev-
eral autoimmune conditions, such as systemic lupus ery-
thematosus, Sjögren’s syndrome, autoimmune cholangitis, 
chronic pancreatitis, endometriosis, systemic sclerosis, 
and type I diabetes as well as in healthy individuals [29]. 
Adamus et al. [30] reported that anti-CAII autoantibodies 
revealed affinity to different epitopes, depending on whether 
they originated in patients with or without cancer. In addi-
tion, the antibodies targeted different determinants within 
the molecule during the development of retinopathy from 
non-paraneoplastic to paraneoplastic, suggesting an intra-
molecular epitope spreading phenomenon.

OCT was interpreted as normal in 50% of the study eyes. 
Normal OCT findings were more frequently observed in (n) 
pAIR than in pAIR eyes; however, this did not reach statis-
tical significance. Finn et al. [11] found that retinal disease 

in AIR eyes with CME was more severe and more aggres-
sive when compared to eyes without CME, as manifested 
by decreased a- and b-wave amplitudes on FF-ERG. These 
results are consistent with our study, as the four eyes with 
CME had extinct ERG at presentation combined with an 
abnormal funduscopic examination, markedly abnormal 
OCT and VF defects.

Mantel et al. [31] reported the electrophysiological char-
acteristics of 16 AIR patients with retinal dysfunction and 
normal fundus appearance. These tests were reported at a 
single time point, and there was no description of treatment. 
None of the patients exhibited night blindness. Electrophysi-
ology indicated predominant cone-system dysfunction, 
either macular or generalized, and 44% had some degree of 
rod dysfunction. Serum ARA reacted with the retinal pro-
teins of molecular weight between 28.9 and 49.1 kDa, none 
of those being anti-enolase autoantibodies.

While long-term IMT is considered the mainstay of treat-
ment for AIR, no definitive therapeutic protocol has been 
established to date [6]. In the present study, patients exhib-
ited mostly stability of the ERG parameters with IMT over 
the follow-up period. Patient 7 deteriorated rapidly to non-
detectable ERG; however, the patient stopped the medication 
without consulting the treating physician. Better understand-
ing of the underlying immune-mediated processes of AIR 
will allow the development of effective targeted therapies 
aiming to arrest disease progression and/or to stabilize and 
perhaps even improve visual function.

Ferreyra et al. [6] reported on the largest case series of 
30 patients with AIR in which the effect of treatment was 
evaluated. Twenty-nine patients received at least one sys-
temic immunosuppressive medication during treatment (1 
patient with CAR received subtenon methylprednisolone 
acetate at multiple visits during 2 years). Median follow-up 
was 17 months. The response to treatment was 70% (21 of 
30); it consisted of improvement in VA in 5 of 21 patients 
(24%) and expansion of the VF area of at least 25% in 15 of 
21 patients (71%). ERG was not examined routinely; how-
ever, two patients showed significant improvement in the 
ERG. The authors concluded that most AIR patients needed 
immunosuppression therapy for extended periods and that 
patients with earlier disease were more responsive than were 
severely affected patients.

Maleki et al. [20] reported on the efficacy of rituximab 
as a monotherapy or in combination therapy in six patients 
with AIR. Stabilization and/or improvement was observed 
in a high number of patients (75%); this consisted of VA 
stabilization in eight (66.7%) eyes, VF stabilization in six 
(50%) eyes and improvement in two (16.7%) eyes and ERG 
stabilization or improvement in eight (66.7%) eyes.

There are several limitations to this study. It is a retro-
spective study and includes a small number of patients with 
heterogeneous ARA profiles and varied treatment regimens 
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and follow-up periods. Absence of case number rationale 
was a limitation to statistical tests. In addition, we were 
dependent on a commercially available laboratory for ARA 
testing, and antibody titers were not included in the reports. 
An additional limitation is that the findings of EOG and 
MF-ERG were not analyzed since they were performed in 
only a minority of patients. Since FF-ERG stimulates and 
records responses from the whole retina, macular abnormali-
ties may be missed. Multifocal ERG is an invaluable tool for 
the detection of macular pathology and is a useful adjunct 
in the subgroup of patients in which changes to macular 
architecture are demonstrated by OCT or changes in the VF 
24–2 are observed. Nevertheless, this article describes a 
rare cohort study of patients with (n) pAIR and pAIR with 
prolonged follow-up, treated with long-term multiple IMT 
demonstrating either stability or worsening as monitored by 
repeated FF- ERG testing.

In conclusion, AIR is a diagnostic and therapeutic chal-
lenge to ophthalmologists. The possibility of presentation 
with a normal clinical exam and many ancillary tests in some 
patients contributes to the challenge of establishing the diag-
nosis. Recognition of this entity requires an integration of 
clinical intuition, examination findings, and combining the 
results from multiple ancillary tests. ERG was demonstrated 
to be a useful marker for assessing disease progression and 
response to treatment.
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