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Viral Retinitis

Dana Yousef Darwish, Mei Zhou, and Ann-Marie Lobo

Necrotizing Herpetic Retinitis

Necrotizing herpetic retinitis defines a spectrum of disease secondary to herpes
viruses, specifically herpes simplex virus 1 and 2 (HSV-1 and HSV-2), varicella
zoster virus (VZV), and cytomegalovirus (CMV).

Acute Retinal Necrosis
Background

Acute retinal necrosis (ARN) is an ocular inflammatory syndrome typically seen in
immunocompetent patients. Urayama first reported a constellation of findings
including acute necrotizing retinitis, retinal arteritis, and subsequent retinal detach-
ment [65]. The association of herpes viruses with ARN was first confirmed with the
isolation of VZV, HSV-1, and HSV-2 from tissue cultures of vitreous and aqueous
specimens and immunocytology [13, 14, 55]. Although ARN is a clinical syndrome,
polymerase chain reaction (PCR) of the vitreous and aqueous specimens is sensitive
and specific for confirming the causative viral agent.

Clinical Features and Diagnostic Criteria

Patients typically present with findings of ocular pain, photophobia, redness, blurred
vision, and floaters [59]. The 1994 American Uveitis Society guidelines specify the
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following five clinical features for the diagnosis of ARN: (1) focal well-demarcated
area of retinal necrosis in peripheral retina, (2) rapid progression of disease without
antiviral therapy, (3) circumferential progression of necrosis, (4) occlusive vascu-
lopathy, and (5) prominent inflammatory reaction in vitreous and anterior chamber
[28]. There is a slight predilection to males, and it typically affects patients aged
20-60 [15, 16]. Anterior segment findings include conjunctival injection, fine or
granulomatous keratic precipitates, and anterior chamber and vitreous cells.
Posterior segment findings include vitreous cell and haze, areas of retinal whiten-
ing/necrosis, arteriole narrowing and sheathing of large retinal vessels, and scat-
tered hemorrhages [15, 16]. The disease tends to progress rapidly within days to
weeks from the periphery to the macula. The affected areas become thin and atro-
phic, frequently complicated by full thickness retinal holes. Expectedly, rates of
retinal detachment are as high as 80% in some studies and are both rhegmatogenous
and tractional in nature [41].

Progressive Outer Retinal Necrosis

Progressive outer retinal necrosis (PORN) is characterized by deep, multifocal,
white/yellow retinal lesions which progress rapidly [18, 20]. The condition is exclu-
sively seen in immunocompromised patients, particularly those with HIV/AIDS
and CD4 counts less than 50 cells/uL. VZV antigen has been isolated from chorio-
retinal and vitreous specimens of patients affected with PORN [46]. The etiology is
similar to ARN, involving reactivation of a latent herpes infection, but there are
distinguishing clinical features.

Clinical Features

Patients initially present with painless disturbance in peripheral vision. On exami-
nation, intraocular inflammation is typically absent. Fundus exam shows areas of
multifocal retinal necrosis with opacification in the outer retina [20]. Without ther-
apy, the necrosis rapidly progresses to involve the entire retina in a circumferential
fashion. Resolution during this process may present with perivenous clearing within
areas of retinal whitening with a “cracked mud appearance” [18]. Retinal detach-
ments frequently occur secondary to thin necrotic retina.

PORN Versus ARN

ARN and PORN represent a spectrum of herpetic retinitis (Table 1). ARN is associ-
ated with an exuberant inflammatory response, whereas in PORN, there is little
intraocular inflammation. In PORN, macular involvement tends to be earlier, with
rapid progression starting centrally and spreading in a nonspecific pattern in direct
contrast to ARN’s circumferential spread from the periphery. Furthermore, PORN
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Table 1 Clinical features of necrotizing herpetic retinitis

ARN PORN CMVR
Symptoms Eye pain Painless Painless
Redness Decreased peripheral vision | Decreased peripheral or
Decreased central vision
peripheral vision May be asymptomatic
Floaters
Photophobia
Clinical Peripheral retinal Multifocal deep retinal Perivascular retinitis
features whitening white lesions that become Hemorrhages
Vasculitis confluent Granular borders
Vitritis Early posterior pole
involvement
Immune Immunocompetent Immunocompromised Immunocompromised
status
Focus Multifocal Multifocal Single focus
Vasculitis Yes No Variable
Vitritis Common Uncommon Less common
Progression Rapid Rapid Slow
Pattern of Circumferential Central and nonspecific Perivascular
progression from periphery
Management | Systemic antiviral Systemic antiviral Systemic antiviral
Intravitreal antiviral | Intravitreal antiviral Intravitreal antiviral
Prednisone HAART HAART

tends to be a multifocal disease without granular borders, whereas ARN tends to
have discrete borders [18].

Differential Diagnoses

The differential for necrotizing herpetic retinitis should include any diseases that
cause retinal whitening. Infectious possibilities include CMV retinitis, toxoplasma
chorioretinitis, and ocular syphilis. Autoimmune diseases include Behcet’s disease,
acute multifocal hemorrhagic retinal vasculitis, and sarcoidosis. Neoplastic and vas-
cular etiologies include intraocular lymphoma, retinal artery occlusion, and retino-
blastoma [16].

Imaging
Fluorescein Angiography/Indocyanine Green Angiography

Fluorescein (FA) and indocyanine green (ICG) angiography is not necessary for diag-
nosis of acute retinal necrosis, and has limited utility in cases with severe vitritis, but
can be helpful in delineating the extent of disease (Table 2). During active disease,
capillary non-perfusion is noted in affected areas as well as leakage of the few perfused
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Table 2 Imaging features in viral retinitis

FA ICG OCT FAF
ARN: Capillary Limited leakage Inner retina Hyperfluorescent
active non-perfusion of retinal vessels hyperreflectivity | border
disease | and leakage of Macula edema/
major vessels exudates
Vascular Retinal traction
occlusion
Abrupt
demarcation in
perfusion
Late optic disc
staining
ARN: Window defects Retinal thinning/
treated atrophy
Loss of ellipsoid
in macula
disease
PORN: | Early blockage/ Outer retinal Hypoautofluorescence
active late staining thickening and
disease | Retinal leakage hyporeflectivity
in areas of retinal
whitening
PORN: | Widespread late Retinal thinning/ | Stippled
treated | leakage of atrophy hyperfluorescence with
choriocapillaris RPE irregularity | retinal atrophy
CMVR: | Microaneurysms | Hypocyanescence | Full thickness Hyperautofluorescence
active Blocking in areas | in areas of retinal | retinal edema of active borders
disease | of hemorrhage edema/ Foveal and Hypofluorescence in
Leaking or inflammation parafoveal inner | areas of full thickness
non-perfusion of retina reflectivity | retinitis
vessels in
affected areas
CMVR: | Staining due to Staining due to Retinal thinning, | Mottled hyper and
treated | window defects window defects choroid hypoautofluorescence
hyperreflectivity | in healing

Cystoid macula
edema from
immune-
recovery uveitis
Epiretinal
membrane/
vitreoretinal
traction

major vessels [71]. Obstruction of the central retinal artery or one of its branches has
been reported [16]. Areas of acute retinitis show an abrupt demarcation in perfusion of
both arteries and veins (Fig. 1) [16]. Other findings include late staining of the optic
disc during the recirculation phase and perifoveal leakage [16]. After disease resolu-
tion, window defects may be seen in previously affected areas due to RPE abnormali-
ties [16]. ICG leakage from retinal vessels was much more limited [63].
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Fig. 1 Acute retinal necrosis. (a) Acute retinal necrosis with significant vitritis, peripheral areas
of hemorrhage, and retinitis. (b) Follow up image after pars plana vitrectomy with 360 degrees of
retinitis and hemorrhage. (¢) Fluorescein angiogram showing extensive retinal ischemia and block-
age from hemorrhages. (d) SD-OCT with inner retinal hyperreflectivity. (Figures courtesy of Dr.
William Mieler)

In progressive outer retinal necrosis, FA has provided insights into disease evolu-
tion. Early in the course of disease, the multifocal peripheral lesions display early
blockage and late staining [20, 46]. Beyond these areas of punctate retinal whiten-
ing, however, extensive retinal microvascular alterations (capillary loss and micro-
aneurysms) of the equatorial and peripheral retina have also been noted [67]. Larger
more confluent areas of retinal whitening displayed retinal leakage. Despite treat-
ment with parenteral antivirals, the disease can progress with extensive damage to
the RPE manifesting as widespread late leakage of the choriocapillaris on fluores-
cein angiography. As the disease reactivates, a “brush-fire” pattern of leakage from
the choriocapillaris at the border of normal and affected retina appears [67].
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Optical Coherence Tomography

Optical coherence tomography (OCT) is an imaging technique that provides visual-
ization of optical cross-sectional images of the ocular tissues using low coherence
interferometry [32]. Suzuki et al. described time domain OCT findings in seven
eyes in seven patients with ARN [62]. Acutely, in areas of retinal whitening, OCT
showed highly reflective inner retina lesions and obscuration of the retinal architec-
ture. This has also been noted in spectral domain (SD) and swept source (SS) OCT
[51]. Macular edema and exudates have also been noted in the acute phase [50].
SD-OCT has also been used outside of the macula to image areas of peripheral reti-
nitis with findings of full thickness retinal hyperreflectivity and intraretinal and sub-
retinal cysts [40]. With initiation of antiviral treatment and normalization of the
retina appearance clinically, OCT shows marked retinal thinning and atrophy [50,
51, 62]. In patients with macular disease at presentation, the ellipsoid layer did not
recover despite disease regression and visual acuity remained poor [51]. With wors-
ening of intraocular inflammation, SD-OCT findings of inflammatory retinal trac-
tion and eventual development of combination tractional/rhegmatogenous
detachment have been reported [40].

Time domain OCT of HIV-positive patients with VZV-related PORN show acute
findings of outer retina thickening and hyporeflectivity [3, 7, 11]. After treatment,
the areas which appear atrophic on clinical exam demonstrate thinning, loss of iden-
tifiable retinal structures, and RPE irregularity on OCT (Fig. 2) [3, 11]. Several
months after treatment, OCT demonstrated full thickness neurosensory atrophy of
the central macula [7]. The authors feel that the disease presents as an outer retinal
disease but will eventually involve the full thickness of the retina [7]. This notion

Fig. 2 Progressive outer retinal necrosis. (a) Right eye and. (b) Left eye showing multifocal, deep
retinal lesions in the periphery and perivascular whitening. (¢) SD-OCT macula of right eye with
retinal hyperreflectivity and thinning in areas of retinitis. (d) SD-OCT macula of left eye with sub-
retinal deposits, full thickness retinal hyperreflectivity. (Figures courtesy of Dr. Felix Chau)
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has recently been debated as histological studies of early PORN show relative spar-
ing of the outer retina [45]. Others have proposed that PORN begins with deep
capillary ischemia [72]. Further imaging studies with high-resolution OCT and
OCT angiography may provide more insights into the disease process.

Fundus Autofluorescence

Fundus autofluorescence (FAF) imaging allows for a topographic map of lipofuscin
accumulation in the RPE, and autofluorescence is thought to precede frank photore-
ceptor degeneration. Patients with PORN acutely show areas of hypofluorescence
due to obscuration by retinal opacification which later become stippled with hyper-
fluorescence as these opacified areas atrophy on funduscopy [11]. FAF changes in
progressive outer retinal necrosis are delayed compared to clinical findings and
appear subsequent to lipofuscin accumulation in areas of retinal inflammation. FAF
offers higher contrast delineation of ARN lesions with a hyperfluorescent border
which may assist in monitoring of disease progression [68].

Treatment

Systemic antiviral therapy was first shown to be effective for the treatment of her-
petic retinitis in the 1980s with intravenous acyclovir [8, 27]. Since then, newer anti-
viral agents such as valacyclovir (acyclovir prodrug) and famciclovir (prodrug of
penciclovir) which can achieve systemic levels similar to that of intravenous acyclo-
vir obviated the need for patients to be hospitalized [1, 5, 17]. Additionally, oral
antivirals were shown to be beneficial for preventing fellow eye involvement [52].

Adjunctive Therapy with Intravitreal Antiviral Injections

The addition of intravitreal antiviral agents was first shown to be effective in HIV-
positive patients with PORN [57]. Subsequently, successful results with adjunctive
therapy with intravitreal antivirals in patients with ARN were described in several
series [38, 44, 64]. Combination systemic and intravitreal antiviral therapy is now
considered the standard of care for necrotizing herpetic retinitis. Patients receiving
combination systemic and intravitreal antiviral therapy are more likely to have
improvement in visual acuity and lower incidence of retinal detachment than those
treated with systemic therapy alone [19].

Laser

Prophylactic laser to uninvolved retina adjacent to diseased retina can decrease the
rates of progression to retinal detachment, although this remains controversial [25,
61]. More severe cases tend to be treated with laser but also have higher rates of reti-
nal detachment [53].
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Role of Surgery

Retinal breaks and rhegmatogenous retinal detachment are a frequent complication
of herpetic retinitis, in up to 50-80% of cases [12, 24, 41]. Although retinal detach-
ment repair with pars plana vitrectomy, scleral buckle, long-acting gas, or silicone
oil tamponade has been successful, many patients require more than one surgery,
and visual acuity may remain poor after surgery despite successful reattachment [2,
12, 48, 60]. Early or prophylactic vitrectomy by removing inflammation and pre-
venting detachment has been explored but remains controversial [6, 33, 43].

CMV Retinitis

Cytomegalovirus (CMV) retinitis is seen exclusively in immunocompromised
patients, particularly in HIV/AIDS, or as a result of congenital infection. Risk fac-
tors for CMV retinitis include CD4 T cell counts <50 cells/uL and presence of one
or more opportunistic infections [39]. However, CMV retinitis may also occur after
solid organ or allogeneic bone marrow transplantation especially in the case of
CM V-negative patients and CMV-positive donors [34].

Clinical Findings

Unlike necrotizing retinopathies caused by HSV and VZV, CMV retinitis is a more
slowly progressive disease [29-31]. Patients may be asymptomatic or present with
decreased visual acuity. Vitritis is usually absent. There are variations in presenta-
tion of CMV retinitis, including (1) hemorrhagic retinitis within the posterior pole
distributed along retinal vasculature; (2) a granular, indolent form with active retini-
tis at borders of the lesion; and (3) a perivascular or frosted branch angiitis [10, 21].

Imaging

Ultrawide-field fundus imaging (UWF) which captures approximately 200° of the
retina has been used to monitor disease progression in CMV retinitis (Fig. 3). In one
study comparing UWF imaging with the Optos system to standard montage fundus
photography, UWF imaging captured 40% more CMV affected areas compared to
standard photography [49]. UWF provides improved monitoring of peripheral
lesions and response to treatment.

Fluorescein angiography highlights vascular abnormalities such as enlarged
foveal avascular zone, microaneurysms, hypofluorescence in areas of retinal edema
and inflammation, as well as marked vascular leakage [22].

SD-OCT findings in three patients with active CMV retinitis showed full thick-
ness retinal edema and disruption of retinal architecture in affected areas of retina
(Fig. 4) [40]. As the lesions healed with treatment with antivirals, retina thinning
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Fig. 3 CMV retinitis. (a) Ultrawide-field image demonstrating perivascular distribution of fluffy
white retinal infiltration and small areas of hemorrhage along superior arcade. (b) Fluorescein
angiogram demonstrating extensive retinal ischemia. (¢) SD-OCT macula showing loss of retinal
tissue in areas of retinal whitening. (Figures courtesy of Dr. Lawrence Ulanski)

Fig.4 CMYV retinitis. (a) Focal area of hemorrhage and perivascular infiltrate. (b) SD-OCT show-
ing disruption of retinal architecture and full thickness retinal hyperreflectivity in affected area.
(Figures courtesy of Dr. Felix Chau)
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Fig.5 CMV retinitis. (a) Frosted branch angiitis with extensive perivascular infiltrates and hem-
orrhage. (b) Autofluorescence image with hypoautofluorescence in areas of perivascular infiltrates.
(¢) Resolving perivascular infiltrates and hemorrhages. (d) SD-OCT showing inner retina hyper-
reflectivity and retinal edema in area of active retinitis and atrophy, loss of retinal architecture in
inactive or resolving areas. (Figures courtesy of Dr. Yannek Leiderman)

and choroid hyperreflectivity secondary to RPE atrophy were apparent on OCT
[40]. An additional finding is that of cystoid macular edema, thought to be second-
ary to immune-recovery uveitis. SD-OCT can help distinguish retinitis from a cot-
ton wool spot which can also be seen in patients with HIV and only affects the inner
retina [40]. Inner retinal hyperreflectivity, corresponding to areas of retinal ischemia
on FA, has also been seen. With treatment, there is reduction in retinal thickness [4].

SD-OCT has also been used to study the vitreoretinal interface. In 42 eyes from
21 patients with healed CMV retinitis scars, a majority had abnormalities including
epiretinal membrane and vitreoretinal gliosis, which may provide further explana-
tion for high rates of retinal detachment in patients with CMV retinitis [9].

FAF imaging in active CMV retinitis demonstrates hyperautofluorescence at the
active borders of affected areas, while areas of full thickness retinitis in the posterior
pole were hypoautofluorescent (Fig. 5) [70]. Mottled regions of hyper- and hypoau-
tofluorescence corresponded to either RPE atrophy or various stages of healing. In
this series, FAF was particularly helpful for patients with subtle findings of disease
activity on clinical exam by highlighting disease recurrence with hyperautofluores-
cence at the active borders in patients previously affected by CMV on chronic anti-
viral therapy [70]. With treatment of CMV retinitis, the hyperautofluorescent
borders seemed to decrease.

Treatment

The use of highly active antiretroviral therapy (HAART) significantly reduced the
incidence and severity of a number of opportunistic infections in HIV/AIDS
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patients, including CMV retinitis. Anti-CMYV therapy, however, still plays a critical
role for treatment of CMV retinitis in the HAART era. Intravenous antiviral treat-
ment options include ganciclovir, foscarnet, and cidofovir. Oral antivirals include
valganciclovir, a prodrug of ganciclovir. Intraocular agents include intravitreal gan-
ciclovir and foscarnet and a long-acting ganciclovir implant. Systemic antiviral
therapy prevents dissemination of the virus either to the second eye or elsewhere in
the body. Anti-CMV therapy improved mortality for HIV-infected patients, even
with the widespread use of HAART therapy [35]. Combination systemic and intra-
vitreal therapy, as well as treatment of HIV with HAART, is considered to be the
standard approach for treatment of HIV-positive CMV retinitis patients [35].

Epstein-Barr Virus and Ebola Virus

Epstein-Barr virus (EBV) has been implicated in cases of bilateral uveitis, keratitis,
conjunctivitis, and ARN following viral reactivation [47, 69]. However, EBV is pres-
ent ubiquitously in mucosal tissue, and the pathogenesis of EBV in viral retinitis is
unclear. Most cases that have isolated EBV in diseased eyes reported coinfection with
VZV [26,41], and therefore its role as a causative agent in ocular pathology is difficult
to discern. Two recent case studies have reported EBV as a sole causative agent of
ARN by immunohistopathologic confirmation of positive EBV titers [23, 56].

The recent outbreak of Ebola has led to reports of Ebola-related ocular disease.
Although the pathogenesis of Ebola-related uveitis is unclear, anterior uveitis and
panuveitis have developed during the convalescent stage in Ebola survivor patients
[66]. 21 out of 96 Ebola survivors developed an Ebola virus disease-related uveitis
[58]. Patients present with eye pain, photophobia, and visual loss [42] with clinical
findings of keratic precipitates, vitritis, peripheral chorioretinal scars, and elevated
intraocular pressure as the uveitis progresses [58]. Ebola virus has been found
within the ocular fluid even after clearance of viremia [66]. Whether the uveitis is
caused by active viral replication, viral persistence in the eye, or immunological
reaction to the virus is unclear and needs further investigation.

Imaging

One case report of EBV-associated retinitis described the use of FA, which high-
lighted disc leakage and retinal vasculitis at disease onset. With 4 weeks of antiviral
therapy, disc edema and phlebitis improved. By 3 months of treatment, these find-
ings had resolved [36].

Treatment

EBV lacks a virus-specific thymidine kinase; however, acyclovir has 100 times
more affinity for EBV DNA polymerase than that of the human host [37]. In a meta-
analysis of 45 immunocompetent patients with manifestations of infectious
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mononucleosis, acyclovir was the most commonly prescribed antiviral although the
role of antivirals in what is a typically self-limited viral disease has been questioned
[54]. In ocular disease, the use of systemic and topical acyclovir has been described
[23, 69]. Early diagnostic vitrectomy, focal panretinal photocoagulation in areas of
retinal ischemia, and intravitreal antivirals have also been used as treatment in EBV-
associated ocular infection [36, 56].

The treatment of Ebola-related uveitis is largely experimental. Intraocular
inflammation is treated with topical, periocular, and systemic steroids [66]. Use of
favipiravir, an experimental antiviral drug, has also been employed.

Conflict of Interest Ann-Marie Lobo, Mei Zhou, and Dana Darwish declare that they have no
conflict of interest.

Informed Consent No human or animal studies were carried out by the authors for this article.

References

1. Aizman A, Johnson MW, Elner SG. Treatment of acute retinal necrosis syndrome with
oral antiviral medications. Ophthalmology. 2007;114(2):307-12. https://doi.org/10.1016/].
ophtha.2006.06.058.

2. Almeida DR, Chin EK, Tarantola RM, Tegins EO, Lopez CA, Boldt HC, Gehrs KM, Sohn
EH, Russell SR, Folk JC. Long-term outcomes in patients undergoing vitrectomy for retinal
detachment due to viral retinitis. Clin Ophthalmol. 2015;9:1307.

3. Almony A, Dhalla MS, Feiner L, Shah GK. Macular optical coherence tomography findings in
progressive outer retinal necrosis. Can J Ophthalmol. 2007;42(6):881.

4. Arevalo JF, Garcia RA, Arevalo FA, Fernandez CF. Unilateral ischemic maculopathy associ-
ated with cytomegalovirus retinitis in patients with AIDS: optical coherence tomography find-
ings. J Ophthalmic Vis Res. 2015;10(4):487.

5. Aslanides IM, De Souza S, Wong DT, Giavedoni LR, Altomare F, Detorakis ET, Kymionis
GD, Pallikaris IG. Oral valacyclovir in the treatment of acute retinal necrosis syndrome.
Retina. 2002;22(3):352-4.

6. Berker N, Ozdal P, Batman C, Soykan E. Prophylactic vitrectomy in acute retinal necrosis
syndrome. Eye. 2007;21(1):104-6.

7. Blair MP, Goldstein DA, Shapiro MJ. Optical coherence tomography of progressive outer
retinal necrosis. Retina. 2007;27(9):1313-4.

8. Blumenkranz MS, Culbertson WW, Clarkson JG, Dix R. Treatment of the acute retinal necro-
sis syndrome with intravenous acyclovir. Ophthalmology. 1986;93(3):296-300.

9. Brar M, Kozak I, Freeman WR, Oster SF, Mojana F, Yuson RM. Vitreoretinal interface abnor-
malities in healed cytomegalovirus retinitis. Retina. 2010;30(8):1262-6.

10. Carmichael A. Cytomegalovirus and the eye. Eye. 2012;26(2):237-40.

11. Chew EY, Weichel ED, Lew JC, Nussenblatt RB, Yeh S, Wong WT. Fundus autofluorescence
and OCT in the management of progressive outer retinal necrosis. Ophthalmic Surg Lasers
Imaging. 2010;9:1-4.

12. Clarkson JG, Blumenkranz MS, Culbertson WW, Flynn HW, Lewis ML. Retinal detachment
following the acute retinal necrosis syndrome. Ophthalmology. 1984;91(12):1665-8.

13. Culbertson WW, Blumenkranz MS, Haines H, Gass JDM, Mitchell KB, Norton EW. The
acute retinal necrosis syndrome: part 2: histopathology and etiology. Ophthalmology.
1982;89(12):1317-25.


https://doi.org/10.1016/j.ophtha.2006.06.058
https://doi.org/10.1016/j.ophtha.2006.06.058

Viral Retinitis 137

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Culbertson WW, Blumenkranz MS, Pepose JS, Stewart JA, Curtin VT. Varicella zoster virus is
a cause of the acute retinal necrosis syndrome. Ophthalmology. 1986;93(5):559—-69.

Duker JS, Blumenkranz MS. Diagnosis and management of the acute retinal necrosis (ARN)
syndrome. Surv Ophthalmol. 1991;35(5):327-43.

Duker JS, Nielsen JC, Eagle RC, Bosley TM, Granadier R, Benson WE. Rapidly progres-
sive acute retinal necrosis secondary to herpes simplex virus, type 1. Ophthalmology.
1990;97(12):1638-43.

Emerson GG, Smith JR, Wilson DJ, Rosenbaum JT, Flaxel CJ. Primary treatment of acute
retinal necrosis with oral antiviral therapy. Ophthalmology. 2006;113(12):2259-61.
Engstrom RE, Holland GN, Margolis TP, Muccioli C, Lindley JI, Belfort R, Holland SP,
Johnston WH, Wolitz RA, Kreiger AE. The progressive outer retinal necrosis syndrome:
a variant of necrotizing herpetic retinopathy in patients with AIDS. Ophthalmology.
1994;101(9):1488-502.

Flaxel CJ, Yeh S, Lauer AK. Combination systemic and intravitreal antiviral therapy in the
management of acute retinal necrosis syndrome (an American ophthalmological society the-
sis). Trans Am Ophthalmol Soc. 2013;111:133-44.

Forster DJ, Dugel PU, Frangieh GT, Liggett PE, Rao NA. Rapidly progressive outer reti-
nal necrosis in the acquired immunodeficiency syndrome. Am J Ophthalmol. 1990;110(4):
341-8.

Freeman WR, Lerner CW, Mines JA, Lash RS, Nadel AJ, Starr MB, Tapper ML. A prospec-
tive study of the ophthalmologic findings in the acquired immune deficiency syndrome. Am J
Ophthalmol. 1984;97(2):133-42.

Friedman A, Orellana J, Freeman W, Luntz M, Starr M, Tapper M, Spigland I, Roterdam H,
Tejada RM, Braunhut S. Cytomegalovirus retinitis: a manifestation of the acquired immune
deficiency syndrome (AIDS). Br J Ophthalmol. 1983;67(6):372-80.

Gallego-Pinazo R, Harto M, Garcia-Medina JJ, Serra I, Espaia E, Pinazo-Duran MD. Epstein-
Barr virus and acute retinal necrosis in a 5-year-old immunocompetent child. Clin Ophthalmol.
2008;2(2):451-5.

Gore DM, Gore SK, Visser L. Progressive outer retinal necrosis: outcomes in the intravitreal
era. Arch Ophthalmol. 2012;130(6):700-6.

Han DP, Lewis H, Williams GA, Mieler WF, Abrams GW, Aaberg TM. Laser photocoagulation
in the acute retinal necrosis syndrome. Arch Ophthalmol. 1987;105(8):1051-4.

Hillenkamp J, Nolle B, Bruns C, Rautenberg P, Fickenscher H, Roider J. Acute retinal necrosis:
clinical features, early vitrectomy, and outcomes. Ophthalmology. 2009;116(10):1971-5. 1972
Hirst L, Beyer T, Waters D, Fleischman J. Successful management of acute retinal necrosis
with intravenous acyclovir. Ann Ophthalmol. 1987;19(12):445-8.

Holland GN. Standard diagnostic criteria for the acute retinal necrosis syndrome. Executive
Committee of the American Uveitis Society. Am J Ophthalmol. 1994;117(5):663-7.

Holland GN, Gottlieb MS, Yee RD, Schanker HM, Pettit TH. Ocular disorders associ-
ated with a new severe acquired cellular immunodeficiency syndrome. Am J Ophthalmol.
1982;93(4):393-402.

Holland GN, Vaudaux JD, Jeng SM, Yu F, Goldenberg DT, Folz I-C, Cumberland WG,
McCannel CA, Helm CJ, Hardy WD. Characteristics of untreated AIDS-related cytomegalo-
virus retinitis. I. Findings before the era of highly active antiretroviral therapy (1988 to 1994).
Am J Ophthalmol. 2008a;145(1):5-11. e10

Holland GN, Vaudaux JD, Shiramizu KM, Yu F, Goldenberg DT, Gupta A, Carlson M, Read
RW, Novack RD, Kuppermann BD. Characteristics of untreated AIDS-related cytomegalovi-
rus retinitis. II. Findings in the era of highly active antiretroviral therapy (1997 to 2000). Am J
Ophthalmol. 2008b;145(1):12-22. e10

Huang D, Swanson EA, Lin CP, Schuman JS, Stinson WG, Chang W, Hee MR, Flotte T,
Gregory K, Puliafito CA. Optical coherence tomography. Science. 1991;254(5035):1178.
Ishida T, Sugamoto Y, Sugita S, Mochizuki M. Prophylactic vitrectomy for acute retinal necro-
sis. Jpn J Ophthalmol. 2009;53(5):486-9.



138

D.Y. Darwish et al.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

Iu LP, Fan MC, Lau JK, Chan TS, Kwong Y-L, Wong I'Y. Long-term follow-up of cytomegalo-
virus retinitis in non-HIV immunocompromised patients: clinical features and visual progno-
sis. Am J Ophthalmol. 2016;165:145-53.

Jabs DA, Ahuja A, Van Natta M, Dunn J, Yeh S, Group SotOCoAR. Comparison of treatment
regimens for cytomegalovirus retinitis in patients with AIDS in the era of highly active antiret-
roviral therapy. Ophthalmology. 2013;120(6):1262-70.

Keorochana N. A case report of Epstein-Barr virus-associated retinal vasculitis: success-
ful treatment using only acyclovir therapy. Int Med Case Rep J. 2016;9:213-8. https://doi.
org/10.2147/IMCRJ.S107089.

Kim SJ, Barafiano DE, Grossniklaus HE, Martin DF. Epstein-Barr infection of the retina: case
report and review of the literature. Ret Cases Brief Rep. 2011;5(1):1-5.

King J, Chung M, DiLoreto DA Jr. A 9 year-old girl with herpes simplex virus type 2 acute
retinal necrosis treated with intravitreal foscarnet. Ocul Immunol Inflamm. 2007;15(5):395-8.
Kuppermann BD, Petty JG, Richman DD, Mathews WC, Fullerton SC, Rickman LS, Freeman
WR. Correlation between CD4+ counts and prevalence of cytomegalovirus retinitis and human
immunodeficiency virus--related noninfectious retinal vasculopathy in patients with acquired
immunodeficiency syndrome. Am J Ophthalmol. 1993;115(5):575-82.

Kurup SP, Khan S, Gill MK. Spectral domain optical coherence tomography in the evaluation
and management of infectious retinitis. Retina. 2014;34(11):2233-41.

Lau CH, Missotten T, Salzmann J, Lightman SL. Acute retinal necrosis features, manage-
ment, and outcomes. Ophthalmology. 2007;114(4):756-62. https://doi.org/10.1016/].
ophtha.2006.08.037.

Lin P. Infectious uveitis. Curr Ophthalmol Rep. 2015;3(3):170-83.

Luo Y-H, Duan X-C, Chen B-H, Tang L-S, Guo X-J. Efficacy and necessity of prophylactic
vitrectomy for acute retinal necrosis syndrome. Int J Ophthalmol. 2012;5(4):482.

Luu KK, Scott IU, Chaudhry NA, Verm A, Davis JL. Intravitreal antiviral injections as adjunc-
tive therapy in the management of immunocompetent patients with necrotizing herpetic reti-
nopathy. Am J Ophthalmol. 2000;129(6):811-3.

Margo CE, Friedman SM. Progressive outer retinal necrosis (PORN): a catchy acronym
but is the anatomy correct? The salient observation of Lorenz E. Zimmerman, MD. JAMA
Ophthalmol. 2014;132(5):651-2.

Margolis TP, Lowder CY, Holland GN, Spaide RF, Logan AG, Weissman SS, Irvine AR,
Josephberg R, Meisler DM, O’Donnell JJ. Varicella-zoster virus retinitis in patients with the
acquired immunodeficiency syndrome. Am J Ophthalmol. 1991;112(2):119-31.

Matoba AY. Ocular disease associated with Epstein-Barr virus infection. Surv Ophthalmol.
1990;35(2):145-50.

Matsuo T. CASE REPORT vitrectomy and silicone oil tamponade as an initial surgery for retinal
detachment after acute retinal necrosis syndrome. Ocul Immunol Inflamm. 2005;13(1):91-4.
Mudvari SS, Virasch VV, Singa RM, MacCumber MW. Ultra-wide-field imaging for cyto-
megalovirus retinitis. Ophthalmic Surg Lasers Imaging. 2010;41(3):311-5.

Murata K, Yamada W, Nishida T, Murase H, Ishida K, Mochizuki K, Sugita S. Sequential opti-
cal coherence tomography images of early macular necrosis caused by acute retinal necrosis in
non-human immunodeficiency virus patients. Retina. 2016;36(7):e55-7.

Ohtake-Matsumoto A, Keino H, Koto T, Okada AA. Spectral domain and swept source optical
coherence tomography findings in acute retinal necrosis. Graefes Arch Clin Exp Ophthalmol.
2015;253(11):2049-51.

Palay DA, Sternberg P, Davis J, Lewis H, Holland GN, Mieler WF, Jabs DA, Drews C. Decrease
in the risk of bilateral acute retinal necrosis by acyclovir therapy. Am J Ophthalmol.
1991;112(3):250-5.

Park JJ, Pavesio C. Prophylactic laser photocoagulation for acute retinal necrosis. Does it raise
more questions than answers? Br J Ophthalmol. 2008;92(9):1161-2.

Rafailidis PI, Mavros MN, Kapaskelis A, Falagas ME. Antiviral treatment for severe EBV
infections in apparently immunocompetent patients. J Clin Virol. 2010;49(3):151-7.


https://doi.org/10.2147/IMCRJ.S107089
https://doi.org/10.2147/IMCRJ.S107089
https://doi.org/10.1016/j.ophtha.2006.08.037
https://doi.org/10.1016/j.ophtha.2006.08.037

Viral Retinitis 139

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.

Rahhal FM, Siegel LM, Russak V, Wiley CA, Tedder DG, Weinberg A, Rickman L, Freeman
WR. Clinicopathologic correlations in acute retinal necrosis caused by herpes simplex virus
type 2. Arch Ophthalmol. 1996;114(11):1416-9.

Schaal S, Kagan A, Wang Y, Chan C-C, Kaplan HJ. Acute retinal necrosis associ-
ated with Epstein-Barr virus: immunohistopathologic confirmation. JAMA Ophthalmol.
2014;132(7):881-2.

Scott IU, Luu KM, Davis JL. Intravitreal antivirals in the management of patients with acquired
immunodeficiency syndrome with progressive outer retinal necrosis. Arch Ophthalmol.
2002;120(9):1219-22.

Shantha JG, Crozier I, Hayek BR, Bruce BB, Gargu C, Brown J, Fankhauser J, Yeh S (2016)
Ophthalmic manifestations and causes of vision impairment in Ebola virus disease survivors
in Monrovia, Liberia. Ophthalmology. 2017;124(2):170-7.

Sims JL, Yeoh J, Stawell RJ. Acute retinal necrosis: a case series with clinical features and
treatment outcomes. Clin Exp Ophthalmol. 2009;37(5):473-7.

Spaide RF, Martin DF, Teich SA, Katz A, Toth 1. Successful treatment of progressive outer
retinal necrosis syndrome. Retina. 1996;16(6):479-87.

Sternberg P, Han DP, Yeo JH, Barr CC, Lewis H, Williams GA, Mieler WF. Photocoagulation
to prevent retinal detachment in acute retinal necrosis. Ophthalmology. 1988;95(10):1389-93.
Suzuki J, Goto H, Minoda H, Iwasaki T, Sakai J, Usui M. Analysis of retinal findings of
acute retinal necrosis using optical coherence tomography. Ocul Immunol Inflamm.
2006;14(3):165-70.

Takei H, Ohno-Matsui K, Hayano M, Mochizuki M. Indocyanine green angiographic findings
in acute retinal necrosis. Jpn J Ophthalmol. 2002;46(3):330-5.

Tran THC, Cassoux N, Bodaghi B, Lehoang P. Successful treatment with combination of sys-
temic antiviral drugs and intravitreal ganciclovir injections in the management of severe nec-
rotizing herpetic retinitis. Ocul Immunol Inflamm. 2003;11(2):141-4.

Urayama A, Yamada N, Sasaki T, Nishiyama Y, Watanabe H, Wakusawa S, Satoh Y, Takahashi
K, Takei Y. Unilateral acute uveitis with retinal periarteritis and detachment. Jpn J Clin
Ophthalmol. 1971;25(3):607-19.

Varkey JB, Shantha JG, Crozier I, Kraft CS, Lyon GM, Mehta AK, Kumar G, Smith JR,
Kainulainen MH, Whitmer S. Persistence of Ebola virus in ocular fluid during convalescence.
N Engl J Med. 2015;372(25):2423-17.

Walton RC, Byrnes GA, Chan CC, Nussenblatt RB. Fluorescein angiography in the progres-
sive outer retinal necrosis syndrome. Retina. 1996;16(5):393-8.

Ward TS, Reddy AK. Fundus autofluorescence in the diagnosis and monitoring of acute retinal
necrosis. J Ophthalmic Inflamm Infect. 2015;5(1):1.

Wong KW, D’ Amico DJ, Hedges TR, Soong HK, Schooley RT, Kenyon KR. Ocular involvement
associated with chronic Epstein-Barr virus disease. Arch Ophthalmol. 1987;106(6):788-92.
Yeh S, Forooghian F, Faia LJ, Weichel ED, Wong WT, Sen HN, Chan-Kai B, Witherspoon SR,
Lauer AK, Chew EY. Fundus autofluorescence changes in cytomegalovirus retinitis. Retina.
2010;30(1):42.

Young NJ, Bird AC. Bilateral acute retinal necrosis. Br J Ophthalmol. 1978;62(9):581-90.
Yu S, Freund KB. Could progressive outer retinal necrosis begin with retinal deep capillary
ischemia? JAMA Ophthalmol. 2015;133(1):110-1.



	Viral Retinitis
	Necrotizing Herpetic Retinitis
	Acute Retinal Necrosis
	Background
	Clinical Features and Diagnostic Criteria

	Progressive Outer Retinal Necrosis
	Clinical Features
	PORN Versus ARN
	Differential Diagnoses

	Imaging
	Fluorescein Angiography/Indocyanine Green Angiography
	Optical Coherence Tomography
	Fundus Autofluorescence

	Treatment
	Adjunctive Therapy with Intravitreal Antiviral Injections
	Laser
	Role of Surgery

	CMV Retinitis
	Clinical Findings
	Imaging
	Treatment

	Epstein-Barr Virus and Ebola Virus
	Imaging
	Treatment

	References




