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Abstract

Acute Zonal Occult Outer Retinopathy (AZOOR) is a rare inflammatory condi-
tion that is considered to be part of the white dot disease spectrum and may be
due to viral or autoimmune causes. Signs and symptoms can include scotomas,
persistent photopsias, and potential vision loss. The condition typically presents
unilaterally in young Caucasian females with fundus signs being minimal or ab-
sent, leading to a delayed or missed diagnosis. This report details an atypical
presentation of AZOOR with bilateral appearance with focal retinal deposits in
a middle-aged Black female. A comprehensive review of the condition is pre-
sented, including pathophysiology, treatment, and multimodal imaging results.
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INTRODUCTION

Acute zonal occult outer retinopathy (AZOOR), an infrequently encountered
inflammatory disorder, was originally defined by Gass in 13 patients who pre-
sented with sudden-onset photopsias and scotomas. He assumed the condition
was due to damaged outer retinal function.! The condition classically presents
unilaterally in young females with fundus signs being minimal or absent, lead-
ing to a delayed or missed diagnosis.>*While visual acuity can be relatively pre-
served, most cases will eventually show retinal and choroidal atrophy.>” Initial-
ly, this condition was grouped together with other conditions under the white
dot spectrum, since they all presented in a similar manner and had no known
etiology; the so-called acute zonal occult outer retinopathy complex.** With
the introduction of multimodal imaging, such as spectral domain optical coher-
ence tomography and fundus auto fluorescence, the diagnosis and classifica-
tion have become clearer.® Unfortunately, the etiology of the condition is still
currently unknown, with theories pointing to a possible viral or autoimmune
cause.® As the etiology is still elusive, various treatment options have been at-
tempted with limited success. This case report details a rare and atypical pre-
sentation of chronic and bilateral AZOOR with focal retinal deposits in a mid-
dle-aged Black female that was diagnosed with the aid of multimodal imaging.

CASE REPORT

A 60-year-old Black female presented for a routine eye exam. Her medi-
cal history was positive for sleep apnea, hyperthyroidism, high cholesterol,
and hypertension. Her current medications included atorvastatin, hydrala-
zine, methimazole and carvedilol. Her ocular history included chronic dry
eyes and photopsias in both eyes, specifically shimmering red lights that
had started two years earlier but then subsided after a year. There was no
viral illness associated with the onset of the photopsias. An examination by
an outside eye care physician, at the time of the initial onset, had found no
obvious ocular pathology to account for her photopsias (Figure 1).

Distance visual acuity, best-corrected, was 20/20 in both the right and left eyes.
Entrance testing, including extraocular muscle movement, visual fields, and
pupil testing, was unremarkable. Mild proptosis and eyelid retraction were
noted in both eyes, which corresponded with the patient’s history of thyroid-
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associated orbitopathy (TAO). Slit lamp examination revealed capped meibomian glands and trace nuclear sclerotic cata-
racts in both eyes. Intraocular pressures were 14 mmHg in both the right and left eyes by Goldmann tonometry. Blood
pressure (right arm, sitting) was 125/66mmHg. Cup-to-disc ratios were 0.25 round in both the right and left eyes. Focal
yellow deposits were noted in the superior and inferior arcades as well as nasal to the optic nerve in each eye. A white gray
demarcation line separated the normal retina from the affected retina in each eye. (Figure 1). Fundus autofluorescence
(FAF) (California; Optos Inc, Marlborough, MA) revealed circumpapillary hyper-auto fluorescence with extension into
the superior and inferior arcades along with hypo autofluorescence inferior to the nerves in both eyes, within the area
of hyper autofluorescence. A demarcation line separated the areas of hyper auto fluorescence from the normal retina
(Figure 2). Visual field testing showed superior temporal defects in both the right and left eyes extending from the blind
spot that corresponded to areas noted on FAF (Figure 3). Juxtapapillary scan with spectral domain optical coherence
tomography (Cirrus; Zeiss Inc, Dublin, CA) showed loss of the photoreceptor integrity line in both eyes, which corre-
sponded to the hyper autofluorescence areas on fundus auto fluorescence (Figure 4). Spectral domain optical coherence
tomography scanning also showed retinal pigment epithelium atrophy inferior to the nerve which corresponded to the
hypo auto fluorescence noted on fundus auto fluorescence (Figure 5). The spectral domain optical coherence tomogra-
phy scanning also revealed deposits or precipitates in the outer retina (Figure 5). Lab testing was ordered including rapid
plasma reagin, anti-nuclear antibodies, fluorescent treponemal antibody absorption test, angiotensin converting enzyme
levels, chest X-ray, serum lysozyme, and QuantiFERON Gold, and all test results returned normal. Based on the examina-
tion findings, ancillary testing, and the patient’s previous history of photopsias, she was diagnosed with bilateral AZOOR.
A retina consult was sought with a retina specialist who confirmed the diagnosis and recommended intra-vitreal steroid
injections. The patient declined and continues to be followed semi-annually.

Figure 1: Fundus photo of the right eye (Photo A) and left eye (Photo B) revealing focal yellow deposits in the superior and
inferior arcades as well as nasal to the nerve. An area of atrophy is also noted inferior to the nerve in each eye. A demarcation
line can be seen separating the normal retina from the affected retina in either eye.

Figure 2: Circumpapillary hyper-auto fluorescence with extension into the superior and inferior arcades along with hypo
autofluorescence inferior to the nerve right eye (Photo A) and left eye (Photo B) within the area of hyper autofluorescence.
A demarcation line separated the areas of hyper auto fluorescence from the normal retina in both eyes.
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Figure 3: Visual field testing showing superior temporal defects in the right and left eyes, extending from the blind spot that
corresponded to areas noted on fundus auto fluorescence.
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Figure 4: Spectral domain optical coherence tomography of the right eye (above) and left eye (below) showing a trizonal pattern
of normal retina followed by photoreceptor atrophy (blue squares) and retinal pigment epithelium atrophy (yellow squares).
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Figure 5: Spectral domain optical coherence tomography scan of the right eye showing focal retinal deposits above the retinal
pigment epithelium (blue square).

DISCUSSION

Acute zonal occult outer retinopathy (AZOOR) is a condition of the outer retina that was initially noted by Gass
in 13 patients; it includes features such as sudden loss of one or more areas of outer retina function, absent or very
minimally noticeable posterior segment changes with late progression to noticeable atrophic changes in the retina,
electroretinographic changes, and chronic visual defects.! Most of the subjects in his and future studies were noted
to be young healthy females in their mid-thirties (76% of cases), with males being affected to a lesser extent.”® An-
other study noted that the average age of onset was 47 years.® In addition, Caucasian females were affected more
than other ethnicities. *'°

Although imaging technology has contributed to the diagnosis of AZOOR and has solidified the notion that damage
to the photoreceptors leads to the known signs and symptoms, the exact etiology and pathogenesis are still un-
clear.*#° Two main hypotheses are suggested in the literature. Gass suggested that, since the condition resembled
and presented similar (similar demographic features and localization to the outer retinal layers) to white dot dis-
eases, an underlying viral process was responsible. This includes diseases such as multiple evanescent white dot
syndrome, acute idiopathic blind spot syndrome, and multifocal choroiditis, which are considered to be differen-
tials for acute zonal occult outer retinopathy.! The conditions are briefly summarized below.

e Multiple evanescent white dot syndrome typically presents in young females, with many having a pre-
ceding viral prodrome. Symptoms can include painless vision loss, photopsias, and scotomas.” Most cases
are unilateral with retinal presentation showing white lesions at the level of the RPE. An enlarged blind
spot can also be noted on visual field testing.!? A distinct finding is foveal granularity, indicating RPE and
photoreceptor involvement, which can be confirmed by optical coherence tomography.'>** These retinal
findings and location are not seen in cases of acute zonal outer retinopathy.

 Acute idiopathic blind spot enlargement syndrome is another rare outer retinopathy and has been
proposed to be a late variant of multiple evanescent white dot syndrome, albeit without the dots.** It
typically presents with scotomas and photopsias in young women with the aforementioned blind spot
enlargement noted on visual field testing.'® The fundus presentation is usually unremarkable until later
stages. Compared to acute zonal occult outer retinopathy, this condition is typically unilateral and lacks
the trizonal pattern mentioned later in this paper.®

» Multifocal choroiditis is an inflammatory condition that presents with yellow gray lesions in both the
retina and choroid and tends to present bilaterally.’ The condition is truly inflammatory as active disease
shows an anterior chamber reaction along with a vitritis.'”” Symptoms can also include decreased vision,
floaters representative of the vitritis, and photopsia.” Other findings with multifocal choroiditis can
include optic nerve head edema, cystoid macular edema, and choroidal neovascular membranes.' The
condition tends to be chronic with multiple relapses and can lead to significant visual disability.!**

Gass further postulated that the presumed virus entered the fundus through the peripapillary zone, which is the

area of retina that is predominantly affected in cases of acute zonal occult outer retinopathy. In contrast, Jampol and
Becker suggested that the observed inflammation was secondary to a genetic predisposition in combination with
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an autoimmune disease and environmental factors. This could possibly be due to the greater number of affected fe-
males with the condition and therefore susceptibility to develop a possible autoimmune condition.?° Other theories
also include fungal infections,® polycythemia vera,? and anti-retinal antibodies.?® Anti-retinal antibodies have re-
ceived particular attention as one study suggested that antiretinal antibody leakage around the optic nerve resulted
in AZOOR.%2 However, this study was countered by Forooghian, who argued that the simple presence of antiretinal
antibody does not imply pathogenicity.?* Further research is still required to elucidate the exact cause of AZOOR.

As mentioned earlier, symptoms of the condition can include photopsia and scotomas, and can also include photo-
phobia and nyctalopia. Earlier reports on signs of AZOOR included no fundus abnormalities to mild fundus chang-
es including retinal pigment epithelium atrophy or pigment clumping with possible arteriole attenuation.3*%10:25.26
However, with improved multimodal retinal imaging, a demarcating line that separates the un-involved and in-
volved retina (AZOOR lesion) can also be seen.>»?” Mrejen et al.® reported that this line was orange in color and its
presentation was either continuous, interrupted, or scalloped. At times, the line can also be white/gray in appear-
ance early in the disease course. These cases were originally classified as acute annular outer retinopathy, which
is now considered to be an early form of AZOOR, as the line was visible ophthalmoscopically.?®* Mrejen et al.
postulated that this represents an early form of acute zonal outer retinopathy as the line can diminish but can also
turn into the previously mentioned orange line. They also proposed a trizonal pattern of chorioretinal degenera-
tion for the AZOOR lesion based on fundus photography, fluorescein angiography, fundus auto-fluorescence, and
spectral domain optical coherence tomography. The trizonal pattern represents normal retina, photoreceptor and
retinal pigment epithelium degeneration, and chorioretinal atrophy. Specifically, zone 1 is normal retina outside
the demarcation line; therefore, multimodal imaging testing is unremarkable here. Zone 2 presents a flecked hyper
autofluorescence on fundus auto fluorescence, which corresponds to photoreceptor and retinal pigment epithe-
lium disruption on spectral domain optical coherence tomography.® Although indocyanine green angiography was
not performed on this patient, it likely would have shown extra choroidal leakage, which is the typical finding of
AZOOR lesions in zone 2. Finally, zone 3 represents photoreceptor, retinal pigment epithelium, and choroidal at-
rophy and is easily visualized on spectral domain optical coherence tomography. This corresponds to fundus auto-
fluorescence hypo-autofluorescence and hypo fluorescence on indocyanine green angiography.

Our patient had this typical trizonal pattern of abnormalities. Specifically, the patient had normal fundus auto flu-
orescence and spectral domain optical coherence tomography findings outside the demarcating line. Within the
demarcation line, hyper autofluorescence was noted on fundus auto fluorescence which correlated with photore-
ceptor and retinal pigment epithelium disruption on spectral domain optical coherence tomography. Finally, the
patient had areas of hypo-auto fluorescence inferior to the optic nerves in each eye, which correlated with photore-
ceptor and retinal pigment epithelium atrophy.

Due to the scarcity of the condition, possible improper classification of previous AZOOR cases due to a lack of mul-
timodal imaging, and to the lack of long-term follow-up in the literature, it can be difficult to determine the prog-
nosis.**¢1° The studies that have been published have shown that the prognosis for patients with AZOOR can be
favorable depending on potential foveal involvement. According to one study on 205 eyes diagnosed with AZOOR,
74% of patients had acuities of 20/40 or better.”” Another study revealed that 68% of patients had final visual acu-
ities of 20/40 or better.* Stabilization or a burning out of the condition after 6 months has also been reported after
the initial onset. Although the data show that many patients preserve visual function and therefore treatment is
not essential, cases in which there is foveal involvement or progression to potential foveal involvement may justify
treatment.>*252¢ This, however, is complicated by the fact that the pathogenic process has not been determined and
therefore no precise guidelines exist on how to manage and treat patients. Treatment efforts have included systemic
steroids, intra-vitreal steroids, antibiotics, and antiviral agents, but with limited success. Recently, however, stud-
ies have shown that steroids may have a beneficial effect if given early in the disease course.?**° These studies have
shown visual field recovery, in addition to improved or stable acuity, or improvement based on patient response
and improved and enhanced multimodal testing results. The authors proposed that steroids may have worked in
their series because treatment was initiated earlier due to improved diagnostic detection with previously absent
multimodal imaging.® Clinicians should keep in mind the side effects associated with systemic steroid use such as
increased intra-ocular pressure and cataract formation. Immunosuppressants have also been used as a treatment
option, however they provide little efficacy. A newer finding, although rare in terms of AZOOR presentation, has
also been noted. Cases have documented the development of choroidal neovascular membranes which were subse-
quently treated with anti-Vegf agents or photo dynamic therapy.5%323
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Our case of AZOOR is, in relation to previous studies, atypical regarding its age of presentation, bilateral involve-
ment, patient ethnicity, and most uniquely, the presentation of outer retinal deposits. The patient age at presenta-
tion is later than those in most cases in the literature, which have ranged from 14 years to 86 years.>® However, as
alluded to earlier, most patients are in their mid-thirties to late-forties.**12¢

Although the condition typically presents in a unilateral fashion, fellow eye involvement can be seen. One study
showed that 61% of patients had unilateral presentation at the initial onset and diagnosis (51 patients for an av-
erage of 8 years); however, by the final examination, 76% had advanced to bilateral presentation. Most notably,
advancement of the other eye was not seen until 50 months after the initial presentation.* This is likely what
happened in our patient, as the damage seen on fundus auto fluorescence seems to be more significant in the left
eye than in the right eye.

Most patients with AZOOR are Caucasians, however other races can be affected, but to a much lesser extent. A
study by Gass and Agrawal included 30 patients, of which 91% were Caucasian, 7 % were Hispanic, and 2% were
Asian* Our patient was Black, and a review of the literature found that they are under-represented compared to
other races. ' It is currently unknown why the condition affects Caucasians more than other ethnicities.' In ac-
cordance with Jampol and Becker’s theory that AZOOR may be the result of an interplay between autoimmunity
and genetics, it is conceivable that certain ethnicities are predisposed to acquire AZOOR. Some ethnic groups are
more likely to exhibit various autoimmune conditions; for example, lupus is more common in Blacks, while multiple
sclerosis is more common in Caucasians.*** Furthermore, our patient had a history of auto-immune disease with
her thyroid-associated orbitopathy and hyperthyroidism, which may have put her at additional risk for developing
AZOOR. One survey noted that most common auto-immune diseases linked to AZOOR were associated with the
thyroid gland. This included seven patients with Hashimoto thyroiditis with one patient presenting with Grave dis-
ease.’® However, due to the rarity of the condition, smaller study sample sizes, and the lack of case-controlled stud-
ies, causation cannot be inferred.’® Further research is essential at this time to explain the exact cause(s) of AZOOR
and possible links to genetics/autoimmune conditions and ethnicity. Lastly, the patient presented with diffuse and
focal yellow deposits within the AZOOR lesion in each eye. To the best of our knowledge, this is the first case of
AZOOR that has presented with retinal deposits. These deposits were hyper-reflective on spectral domain optical
coherence tomography and were localized to the outer retina, specifically in areas with concurrent photoreceptor
damage. It is possible that they represent degenerated photoreceptor outer segments that migrated and deposited
in the outer retina secondary to chronic underlying inflammation. Similar deposits have been noted in conditions
such as vitamin A retinopathy. Specifically in these cases, the deposits were localized as damaged photoreceptors
segments and are thought to be due to a deficiency of vitamin A, which plays an important role in the formation of
rhodopsin in the phototransduction pathway.?*

This case report highlights an atypical presentation of AZOOR. Although rare, patients can present outside the
norms reported in the literature. Clinicians should keep these findings in mind when thinking of a possible diagno-
sis for a patient who does not match the traditional definitions of AZOOR. Patients should be monitored on an ap-
propriate basis, with multimodal imaging, to gauge for possible progression. Further research and study are vital to
clarify the exact cause(s) of AZOOR. Once this has been established, possibly with advances in multimodal imaging,
innovative treatment options may be developed for future use.

Recognizable health information was not used in this manuscript. e

CORRESPONDING AUTHOR
Raman Bhakhri, OD, FAAO - rbhakhri@ico.edu

CANADIAN JOURNAL of OPTOMETRY | REVUE CANADIENNE D’OPTOMETRIE VOL. 85 NO. 1



CASE REPORT

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

CANADIAN JOURNAL OF OPTOMETRY |

Gass JD. Acute zonal occult outer retinopathy. Donders Lecture:
The Netherlands Ophthalmological Society, Maastricht, Holland,
June 19,1992. J Clin Neuroophthalmol. Jun 1993;13(2):79-97.
Shifera AS, Pennesi ME, Yang P, Lin P. Ultra-wide-field fundus
autofluorescence findings in patients with acute zonal occult
outer retinopathy. Retina. Jun 2017;37(6):1104-1119. d0i:10.1097/
i2e.0000000000001311

Barnes AC, Lowder CY, Bessette AP, Baynes K, Srivastava SK.
Treatment of Acute Zonal Occult Outer Retinopathy With In-
travitreal Steroids. Ophthalmic Surg Lasers Imaging Retina. Jul 1
2018;49(7):504-509. d0i:10.3928,/23258160-20180628-06

Gass JD, Agarwal A, Scott TU. Acute zonal occult outer reti-
nopathy: a long-term follow-up study. Am J Ophthalmol. Sep
2002;134(3):329-39. d0i:10.1016/s0002-9394(02)01640-9

Wang M, Sadaka A, Prager T, et al. From A... to... Z(OOR): The Clinical
Spectrum of Acute Zonal Occult Outer Retinopathy. Neuroophthalmol-
0gy. Aug 2018;42(4):215-221. doi:10.1080/01658107.2017.1400076
Mrejen S, Khan S, Gallego-Pinazo R, Jampol LM, Yannuzzi LA.
Acute zonal occult outer retinopathy: a classification based on
multimodal imaging. JAMA Ophthalmol. Sep 2014;132(9):1089-98.
doi:10.1001/jamaophthalmol.2014.1683

Ibironke JO, Gurwood AS. Acute zonal occult outer retinopa-

thy: a case report. Optometry. Jan 2010;81(1):22-7. d0i:10.1016/j.
optm.2009.07.013

Vadboncoeur J, Jampol LM, Goldstein DA. Acute Zonal Occult
Outer Retinopathy (AZOOR): a case report of regression following
intravitreal dexamethasone (Ozurdex) implant. Retin Cases Brief
Rep. Jun 5 2020;d0i:10.1097/icb.0000000000001009

Introini U, Casalino G, Dhrami-Gavazi E, et al. Clinical course of
acute zonal occult outer retinopathy complicated by choroidal
neovascularization. Int J Retina Vitreous. 2018;4:32. d0i:10.1186/
$40942-018-0134-y

Monson DM, Smith JR. Acute zonal occult outer retinopathy. Surv
Ophthalmol. Jan-Feb 2011;56(1):23-35. d0i:10.1016/j.survoph-
thal.2010.07.004

Tavallali A, Yannuzzi LA. MEWDS, Common Cold of the Retina. J
Ophthalmic Vis Res. 2017:132-134. vol. 2.

Papasavvas I, Mantovani A, Tugal-Tutkun I, Herbort CP, Jr.
Multiple evanescent white dot syndrome (MEWDS): update on
practical appraisal, diagnosis and clinicopathology; a review and
an alternative comprehensive perspective. J Ophthalmic Inflamm
Infect. Dec 18 2021;11(1):45. d0i:10.1186/s12348-021-00279-7

Silva RA, Albini TA, Flynn HW, Jr. Multiple evanescent white dot
syndromes. J Ophthalmic Inflamm Infect. Jun 2012;2(2):109-11.
do0i:10.1007/s12348-011-0051-9

Quinones X, Ortiz J, Santos C, Oliver AL, Rodriguez J. Acute
idiopathic blind spot enlargement syndrome following influ-

enza vaccination. Am J Ophthalmol Case Reports. 2020/12/01/
2020;20:100949. doi:https://doi.org/10.1016/j.aj0c.2020.100949
Fletcher WA, Imes RK. Acute Idiopathic Blind Spot Enlargement
and Acute Zonal Occult Outer Retinopathy: Potential Mimics of
Neuro-Ophthalmic Disease. J Neuroophthalmol. Sep 2020;40 Suppl
1:543-s50. d0i:10.1097/wno0.0000000000001021

Fung AT, Pal S, Yannuzzi NA, et al. Multifocal choroiditis without
panuveitis: clinical characteristics and progression. Retina. Jan
2014;34(1):98-107. d0i:10.1097/TIAE.0b013e31829234cb

Thorne JE, Wittenberg S, Jabs DA, et al. Multifocal choroiditis
with panuveitis incidence of ocular complications and of loss of

visual acuity. Ophthalmology. Dec 2006;113(12):2310-6. d0i:10.1016/j.

ophtha.2006.05.067

Gilbert RM, Niederer RL, Kramer M, et al. Differentiating Multifo-
cal Choroiditis and Punctate Inner Choroidopathy: A Cluster
Analysis Approach. Am J Ophthalmol. May 2020;213:244-251.
d0i:10.1016/§.2j0.2020.01.031

Quillen DA, Davis JB, Gottlieb JL, et al. The white dot syn-
dromes. Am J Ophthalmol. Mar 2004;137(3):538-50. d0i:10.1016/j.
2j0.2004.01.053

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

REVUE CANADIENNE D’OPTOMETRIE

Jampol LM, Becker KG. White spot syndromes of the retina: a hy-
pothesis based on the common genetic hypothesis of autoimmune/
inflammatory disease. Am J Ophthalmol. Mar 2003;135(3):376-9.
d0i:10.1016/s0002-9394(02)02088-3

Pisa D, Ramos M, Garcia P, et al. Fungal Infection in Patients with
Serpiginous Choroiditis or Acute Zonal Occult Outer Retinopathy. J
Clin Microbiol. 2008;46(1):130-135. d0i:10.1128 /jcm.02605-06
Mahendradas P, Shetty R, Avadhani K, Ross C, Gupta A, Shetty BK.
Polycythemia vera and increased hemophilic factor VIII causing
acute zonal occult outer retinopathy: a case report. Ocul Immunol
Inflamm. Aug 2010;18(4):319-21. d0i:10.3109,/09273941003798767
Qian CX, Wang A, DeMill DL, et al. Prevalence of Antiretinal
Antibodies in Acute Zonal Occult Outer Retinopathy: A Compre-
hensive Review of 25 Cases. Am J Ophthalmol. Apr 2017;176:210-218.
d0i:10.1016/j.2j0.2016.12.001

Forooghian F. Prevalence of Antiretinal Antibodies in Acute Zonal
Occult Outer Retinopathy: A Comprehensive Review of 25 Cases.
Am J Ophthalmol. Jul 2017;179:210-211. di:10.1016/j.2j0.2017.01.036
Kuo YC, Chen N, Tsai RK. Acute Zonal Occult Outer Retinopathy
(AZOOR): a case report of vision improvement after intravitreal
injection of Ozurdex. BMC Ophthalmol. Dec 6 2017;17(1):236.
doi:10.1186/512886-017-0638-5

Pellegrini F, Cirone D, De Simone L, Marullo M, Cimino L. Acute
zonal occult outer retinopathy complex disease: Lessons learned
about choroid, photoreceptors, and retinal function. Eur J Ophthal-
mol. Jan 9 2021:1120672120986376. d0i:10.1177/1120672120986376
Tavallali A, Yannuzzi LA. Acute Zonal Occult Outer Retinopa-

thy; Revisited. J Ophthalmic Vis Res. Jul-Sep 2015;10(3):211-3.
do0i:10.4103/2008-322x.170344

Zeng R, Liang X, Du L. Acute Annular Outer Retinopathy. Ophthal-
mology. 2018,/01/01/ 2018;125(1):50. doi:https://doi.org/10.1016/j.
ophtha.2017.08.036

Gass JD, Stern C. Acute annular outer retinopathy as a variant

of acute zonal occult outer retinopathy. Am J Ophthalmol. Mar
1995;119(3):330-4. d0i:10.1016/50002-9394(14) 71176-6

Alexander KR, Barnes CS, Fishman GA. ON-pathway dysfunction
and timing properties of the flicker ERG in carriers of X-linked reti-
nitis pigmentosa. Invest Ophthalmol Vis Sci. Sep 2003;44(9):4017-25.
Guijarro A, Mufioz N, Alejandre N, Recuero S, Sanchez-Pernaute O,
Carrefio E. Long term follow-up and effect of immunosuppression
in acute zonal occult outer retinopathy. Eur J Ophthalmol. Dec 21
2020:1120672120981874. d0i:10.1177/1120672120981874

Cohen SY, Jampol LM. Choroidal neovascularization in peripapil-
lary acute zonal occult outer retinopathy. Retin Cases Brief Rep. Fall
2007;1(4):220-2. d0i:10.1097/01.i2e.0000243036.15712.a6

Levison AL, Baynes K, Lowder CY, Srivastava SK. OCT Angiography
Identification of Choroidal Neovascularization Secondary to Acute
Zonal Occult Outer Retinopathy. Ophthalmic Surg Lasers Imaging
Retina. Jan 2016;47(1):73-5. d0i:10.3928,/23258160-20151214-11
Feldman CH, Hiraki LT, Liu J, et al. Epidemiology and sociode-
mographics of systemic lupus erythematosus and lupus nephritis
among US adults with Medicaid coverage, 2000-2004. Arthritis
Rheum. Mar 2013;65(3):753-63. d0i:10.1002 /art.37795

Amezcua L, Rivas E, Joseph S, Zhang J, Liu L. Multiple Sclerosis
Mortality by Race/Ethnicity, Age, Sex, and Time Period in the
United States, 1999-2015. Neuroepidemiology. 2018;50(1-2):35-40.
doi:10.1159/000484213

Acton JH, Greenberg JP, Greenstein VC, et al. Evaluation of multi-
modal imaging in carriers of X-linked retinitis pigmentosa. Exp Eye
Res. Aug 2013;113:41-8. d0i:10.1016/j.exer.2013.05.003

Genead MA, Fishman GA, Lindeman M. Fundus white spots and
acquired night blindness due to vitamin A deficiency. Doc Ophthal-
mol. Dec 2009;119(3):229-33. d0i:10.1007/s10633-009-9200-y
Bhakhri R, Ridder WH, 3rd, Adrean S. Case Report: Delayed Vita-
min A Retinopathy Secondary to Bariatric Surgery. Optom Vis Sci.
Mar 2019;96(3):227-232. d0i:10.1097/0px.0000000000001346

VOL. 85 NO. 1

99



