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Abstract: Acute retinal necrosis is a rare yet devastating disease, with significant ocular

morbidity. Over the past several decades, initial treatment regimens have shifted from

intravenous antivirals requiring hospital admission to the routine use of oral antivirals with

intravitreal antivirals for immediate local control. Given the rarity of this disease process and

a lack of large-scale research trials, debate continues over recommended practice guidelines.

In this paper, we review current diagnostic criteria and recommend a treatment algorithm

based on available evidence.
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Introduction
Medical and surgical treatment strategies of acute retinal necrosis (ARN) have

evolved considerably and mirrored advances in our understanding of the underlying

pathophysiology of the disease since it was first described by Urayama and

colleagues in 1971.1

This seminal case described a syndrome of acute panuveitis with retinal peri-

arteritis progressing rapidly to diffuse necrotizing retinitis and retinal detachment

nonresponsive to medical treatment in the setting of a negative infectious workup.1

Case reports of retinitis with clinical features resembling ARN in patients with

systemic herpesvirus infections subsequently followed.2–4 Large case series of

pathologic and electron microscopy findings from vitrectomy and enucleation

specimens published in both the Japanese and English literature helped to identify

an underlying etiology: an infectious trigger leading to a severe immune-mediated

inflammation and obliterative vasculitis.5 These clinical and pathology reports laid

the foundation for further research and solidified ARN as an infectious syndrome

caused by members of the herpes virus family that can affect both immunocompe-

tent and immunocompromised patients of any age and either gender.6,7 Varicella

zoster virus (VZV) is the most common cause, followed by herpes simplex viruses

(HSV-1 and HSV-2).8–12 Cytomegalovirus (CMV) and Epstein-Barr virus (EBV)

have also been implicated albeit less frequently.7,12

Visual outcomes are generally grim and 48% of affected eyes have a visual

acuity worse than 20/200 six months following the onset of ARN.13 Retinal

detachment is the most common cause of decreased vision, reported to occur in

30% to 73% of cases in recent series, but previously in up to 85% of patients.9,14,15

Vision loss can also result from chronic vitritis, epiretinal membrane, macular

ischemia, macular edema, and optic neuropathy.9,10 Bilateral ARN was first
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described in 1978 and has been reported in up to 70% of

untreated patients.16,17 Contralateral involvement has been

reported to occur anywhere from within a few months, to

several years later.17,18

Although the annual incidence of ARN is low—two

nationwide United Kingdom surveys estimated the incidence

to be 0.5–0.63 cases per million population—the prognosis is

quite poor if not treated immediately and aggressively.8,13

The use of intravenous acyclovir was first described in 1986

and resulted in the regression of retinal lesions.15 In 1991,

Palay et al reported a reduction in the incidence of contral-

ateral eye involvement from 70% to 13% with intravenous

acyclovir.17 Treatment at a dose of 10mg/kg every 8 hours or

1500mg/m2 per day divided into three doses for 7–10 days

followed by an oral antiviral is the most established treatment

regimen.9,12,15,18 The availability of newer oral antiviral

medications with greater bioavailability (valacyclovir, fam-

ciclovir) and increased use of intravitreal antivirals have led

to the adoption of a new treatment algorithm of initiating

treatment with oral antivirals and simultaneous intravitreal

injections. This treatment algorithm is a proven success and

has largely eliminated the need for a hospital admission and

intravenous medication.18–20 Additional adjunctive treatment

modalities have been described, including early surgical

intervention with pars plana vitrectomy with or without

silicone oil prior to the presence of a retinal detachment,

laser retinopexy around areas of necrosis to prevent

a retinal detachment, systemic or local corticosteroids, and

systemic antiplatelet agents.9,18 In this paper, we review

current management strategies and recommendations for

the treatment of ARN.

Methods
Literature searches were last conducted in PubMed and the

Cochrane Library databases on 29 May 2020 without date

or language restrictions. The search used the following

MeSH terms: retinal necrosis syndrome, antiviral agents,

vitrectomy, light coagulation, intraocular, antiviral agents.

The search used the following text terms: acute retinal

necrosis, antiviral agents, antiviral therapy, acyclovir,

human herpes virus, light coagulation, photocoagulation,

vitrectomy, and intraocular injections.

Diagnostics
Acute retinal necrosis is a rapidly progressive disease with

potentially significant ocular morbidity and involvement of

the fellow eye. Early and accurate diagnosis is critical to

initiating immediate antiviral therapy.

Diagnostic Criteria
In 1994, the American Uveitis Society’s Executive

Committee defined ARN on the basis of the following

clinical characteristics: one or more foci of retinal necrosis

with discrete borders located in the peripheral retina, rapid

progression in the absence of antiviral therapy, circumfer-

ential spread, evidence of occlusive vasculopathy with

arterial involvement, and a prominent inflammatory reac-

tion in both the anterior chamber and vitreous cavity.21

Although the diagnostic criteria remain unchanged, the

use of polymerase chain reaction (PCR) for accurate,

rapid, and precise identification of the responsible viral

infection has become the standard of care. Detecting

viral DNA from aqueous or vitreous humor from patients

with suspected ARN has a positive predictive value of

99% and a negative predictive value of 68%.22 PCR test-

ing may alter treatment direction through earlier diagnosis

of ARN and initiation of antiviral therapy.

Slit Lamp Exam
ARN classically presents as an acute panuveitis syndrome

with involvement of multiple ocular tissues. Anterior seg-

ment findings often predominate early in the course of the

disease.23 The disease may affect one or both eyes with

most cases beginning as unilateral disease. In one-third of

cases, the fellow eye becomes involved within 1–6 weeks,

but disease involvement of the second eye has been

reported to occur upwards of 20 years after initial insult

to the first eye.24,25

Most patients will initially present with a chief com-

plaint of pain, redness, photophobia, floaters, and blurred

vision. Careful examination of the anterior chamber will

reveal a unilateral anterior uveitis with or without granu-

lomatous or stellate appearing keratic precipitates early in

the disease course. Injection of the ocular surface may

result secondary to inflammation involving the sclera and

adjacent structures.26,27

Fundus Examination
A dense vitritis may develop as the disease progresses and

cellular immunity to the virus is stimulated. With the onset

of vitritis, patients may report worsening floaters and dimin-

ished visual acuity resulting from vitreous opacification.

Multiple focal, well-demarcated areas of whitening in the

peripheral retina corresponding to active retinal necrosis will

be present on funduscopic examination. Areas of retinal

whitening and necrosis may become confluent and
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circumferentially progress to involve the posterior pole if

treatment is not initiated in a timely manner. The macula is

typically spared early in the course of the disease. Acute

vasculitis and occlusive disease may be present in the form

of perivascular hemorrhages, sheathing, and obliteration of

arterioles. Retinal breaks often develop within the peripheral

necrotic retinal lesions in 86% of patients.23 Retinal atrophy

resulting from necrosis results in secondary rhegmatogenous

retinal detachment in 20% to 85% of treated eyes.9,12,14,15

Final visual acuity is often limited by involvement of struc-

tures in the posterior pole including optic atrophy, cystoid

macular edema, macular hole, and epiretinal membrane for-

mation, as well as by retinal detachment.10

Fluorescein Angiography
While not diagnostic, fluorescein angiography may be help-

ful and provide details not readily appreciated on fundo-

scopic examination. The quality of the study, however, is

often limited due to overlying vitritis. Angiography may

demonstrate signs of occlusive arteritis and areas of capillary

nonperfusion. Choroidal vasculature is often involved and

angiography may demonstrate areas of early hypofluores-

cence and late staining consistent with ischemia-induced

inflammatory changes. Intense extravasation of dye from

the retinal vessels due to active vasculitis may appear as

diffuse leakage. Optic nerve involvement often occurs early

in the disease course and angiography will show hyperfluor-

escence of the optic nerve.

Figure 1 contains a typical fundus exam with retinal

whitening and vasculitis with the corresponding optical

coherence tomography which highlights the vitritis and

involvement of the inner retinal layers. Angiography is

notable for evidence of an occlusive arteritis, capillary

non-perfusion, and involvement of the optic nerve.

Ultrasound Examination
B-scan ultrasonography may be a useful modality for

assessing onset of retinal detachment, especially when

visibility is limited by vitritis. Ultrasonography is able to

see beneath the haze of vitritis and reveals elevation of the

optic nerve head with expansion of the optic nerve sheath.

Neuroimaging
Viral meningoencephalitis has been reported in association

with ARN. Patients who present with signs of neurological

disease may require further investigation as appropriate.28

A lumbar puncture may be warranted. Computed tomo-

graphy of the orbits can confirm optic nerve sheath enlar-

gement with associated optic nerve edema. Magnetic

resonance imaging of select cases is helpful for revealing

lesions of the optic tract, chiasm and the lateral geniculate

body which can occur with axonal spread.29

Laboratory and Serum Testing
Laboratory testing should always include a baseline com-

plete blood count, liver function panel, and tests of renal

Figure 1 Typical fundus photo (A) with retinal whitening and vasculitis with the corresponding en face (B) and optical coherence tomography (C) which highlights the

vitritis and involvement of the inner retinal layers. The green arrow represents location of cross-sectional B-scan on en face optical coherence tomography. Fluorescein

angiography (D–F) shows areas of early hypofluorescence (D) and late staining (F) demonstrating an occlusive arteritis, capillary non-perfusion, and involvement of the optic

nerve.
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function prior to initiation of antiviral therapy to monitor for

drug toxicity and subsequent dosing considerations, particu-

larly in patients with renal failure (end stage renal disease,

dialysis). Additional infectious etiologies need to be ruled out

and the laboratory testing should include testing for human

immunodeficiency virus, tuberculosis, and syphilis. Of note,

serum testing for herpesvirus antibodies does not add any

value in the diagnosis of ARN and is not recommended.

Anterior Chamber and Vitreous Sample

ARN historically has been a clinicaldiagnosis, but the

consequences of misdiagnoses, underdiagnoses and subse-

quent delays in treatment have prompted wider use of

laboratory methods to aid in the diagnostic process.

Serum and intraocular fluid antibody testing, retinal

biopsy, viral culture, and immunocytochemistry have all

been utilized, but their use has largely been limited by

their poor sensitivity or specificity.6 Numerous reports

have recently demonstrated the functionality of PCR test-

ing for the diagnosis and management of ARN. Vitreous

and aqueous specimens are both sensitive and specific.

PCR of ocular samples for HSV and VZV has a reported

sensitivity between 79% and 100% in clinically defined

ARN cases.7,30-33 There is insufficient evidence of the

superiority of sampling of the vitreous over the aqueous

and vice versa.33 Though PCR of ocular fluids may sup-

port the clinical diagnosis of ARN, treatment should not be

delayed while waiting for results.

Treatment
Early administration of antiviral medication is the corner-

stone of the treatment of ARN. Advances in technology

have allowed for the rapid identification of responsible

viruses. Similarly, treatment options have advanced along

with surgical techniques. Treatment response is deter-

mined by various parameters including the time to regres-

sion of retinitis, visual outcomes, the incidence of retinal

detachment, and fellow eye involvement. We discuss the

various treatment regimens available and offer our per-

spective based on our experience with ARN.

The body of evidence supporting the current treatment

strategies is impressive, but there are significant gaps given

that the existing research is entirely retrospective and consists

of case series with comparative studies using historical con-

trols. This makes it difficult to compare outcomes across

studies. Tables 1 and 2 summarize the literature discussed

below.

Antiviral Therapy
The most frequently reported initial treatment of ARN

includes intravenous acyclovir or oral valacyclovir. Other

treatments include oral famciclovir, valganciclovir or acyclo-

vir, and intravenous foscarnet or ganciclovir. Intravitreal

foscarnet or ganciclovir may be given as adjuvant local

therapy but cannot be used alone as they leave the fellow

eye at risk of developing disease.

Acyclovir is an acyclic purine nucleoside analog that

is converted to acyclovir monophosphate by virus-

encoded thymidine kinase. Cellular enzymes catalyze

the subsequent dephosphorylation and triphosphoryla-

tion steps, which results in high concentrations of acy-

clovir triphosphate that inhibits viral DNA synthesis

through competitive inhibition of viral DNA polymer-

ase. As a result, acyclovir is highly specific for herpes-

infected cells and non-toxic to uninfected cells.

Acyclovir can be given both orally and intravenously.

Valacyclovir is an orally administered prodrug that is

converted to acyclovir during first-pass metabolism. It has

a much higher bioavailability of 54–60% compared to oral

acyclovir, which has a bioavailability of 15–30%.34,35

Famciclovir is an orally given prodrug that is converted to

penciclovir in the liver. It has a bioavailability of 77%.36

Penciclovir resembles acyclovir in chemical nature, mechan-

ism of action, and spectrum of antiviral activity, but is poorly

absorbed, which is why famciclovir is used clinically. This

medication should be considered in cases of acyclovir-

resistant ARN.

Foscarnet is an organic analog of inorganic pyropho-

sphate that selectively inhibits the pyrophosphate binding

sites on viral DNA polymerases at concentrations that do

not affect human DNA polymerases. Foscarnet is an effec-

tive alternative treatment in acyclovir-resistant HSV

strains.37 It may be locally administered through an intra-

vitreal injection or intravenously. Foscarnet does not

require compounding and the dose requires no dilution

from the commercially available intravenous solution.

Ganciclovir is an inhibitor of viral DNA polymerase that

has activity against CMV and HSV. It can be administered

intravenously, orally, or intravitreally. In ARN, it has been

studied as an additional intravitreal medication which has

been shown to be effective in treating herpetic infections.

However, it requires pharmacy compounding and is therefore

not as widely used.

Acyclovir-resistant HSV strains have been reported to

occur in less than 1% of immunocompetent patients and
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Table 1 Summary of Literature Evaluating Medical Treatment

Literature Evaluating the Role of Intravenous Antiviral Therapy

Authors(s),

Year

No. of

Eyes/

Patients

Treatment Outcomes

Blumenkranz

et al 198615
13 eyes,

12 patients

Intravenous acyclovir (1500mg/m2/day) Regression of retinal lesions noted on average 3.9 days

following treatment initiation. 11/13 eyes developed

retinal detachment. No ocular or systemic

complications of treatment.

Crapotta

et al 199345
13 eyes,

12 patients

Intravenous acyclovir (10mg/kg every 8 hours) and laser

photocoagulation

1/13 patients developed retinal detachment. No patients

developed bilateral disease after starting treatment.

Final visual acuity was 20/40 or better in 6/13 eyes.

Palay et al

199117
54 patients Intravenous acyclovir (1500 mg/m2/day) for 7–10 days

and then orally for 2–4 weeks

Fellow eyes of the patients treated with acyclovir were

more likely to remain disease-free. 27/31 treated

patients did not have involvement of fellow eye. 7/23

untreated patients had fellow eyes that remained

disease-free.

Literature Evaluating the Role of Oral Antiviral Therapy

Authors(s),

Year

No. of

Eyes/

Patients

Treatment Outcomes

Tibbetts et al

201018
58 eyes,

58 patients

“Acyclovir-only era”: Intravenous acyclovir (500mg/m2

TID) for 7–10 days ± oral acyclovir 800mg 5 times

per day for 6 weeks compared to newer antiviral

therapies (intravenous or oral acyclovir with some

patients receiving intravitreal antiviral therapy ± aspirin

and oral steroids.

Visual outcomes and rates of retinal detachment in

newer antivirals group was similar to those achieved

during acyclovir only era

Emerson et al

200646
6 eyes,

4 patients

Oral valacyclovir 1g TID, oral famciclovir 500mg TID,

and topical and oral corticosteroids

Symptoms and visual acuity improved within 2–4 weeks

in 3/4 patients, one patient required surgical treatment

for retinal detachment

Taylor et al

201220
10 eyes,

9 patients

Oral valacyclovir 2g TID, oral valacyclovir 1g TID for

renal impairment

Retinitis resolved in 10/10 patients with median time to

resolution of 21 days. Final best corrected visual acuity

of 20/40 achieved in 6/10 patients; 3/10 developed

retinal detachment

Aizman et al

200719
10 eyes,

8 patients

Oral valacyclovir 1g TID or oral famciclovir 500mg TID

with oral prednisone

Retinitis resolved in 10/10 eyes and 3 eyes developed

retinal detachment. No involvement of fellow eye after

treatment started

Literature Evaluating the Role of Intravitreal Therapy

Authors(s),

Year

No. of

Eyes/

Patients

Treatment Outcomes

Kishore et al

201149
1 eye,

1 patient

Intravitreal ganciclovir (2mg/0.1mL) and dexamethasone

(400mcg/0.1mL) with oral prednisone with laser

photocoagulation

Final best corrected visual acuity of 20/30. Determined

that intravitreal dexamethasone and ganciclovir may

have adjunctive role in management of ARN.

(Continued)
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up to 14% of immunocompromised patients.37 Acyclovir-

resistant VZV strains are far less common and have only

been reported in a small case series.37 Foscarnet can be

used successfully in acyclovir-resistant strains because it

does not require activation by thymidine kinase.38–41

The traditional treatment regimen for ARN since the

1980s has been induction therapy with intravenous acy-

clovir followed by oral antiviral medications.15,17 In recent

years, oral antiviral therapy with intravitreal foscarnet has

emerged as a more popular treatment option, since it may

avoid the need for hospital admission.14,18,42,43 We will

review the various treatment strategies along with the

available evidence assessing their success and outline our

treatment algorithm for this disease with high ocular

morbidity.

Adverse Effects of Antivirals

Whether given intravenously or orally, systemic antivirals

have known adverse effects for which patients require

routine monitoring. While there is limited systemic

absorption when administered via intravitreal injection,

there still exists a risk for such adverse effects.

Acyclovir, famciclovir, ganciclovir, and valacyclovir all

require dose adjustments in geriatric and renal patients

and careful attention must be placed on whether the patient

is taking other nephrotoxic medications.

Table 1 (Continued).

Literature Evaluating the Role of Intravenous Antiviral Therapy

Authors(s),

Year

No. of

Eyes/

Patients

Treatment Outcomes

Luu et al

200050
3 eyes, 3

patients

Intravenous acyclovir and oral prednisone with

intravitreal ganciclovir (2mg/0.05mL) and foscarnet

(1.2mg/0.05mL). Note that only two patients received

corticosteroids.

Symptomatic resolution and visual acuity improvement

in 3/3 cases.

Wong et al

200911
81 eyes,

74 patients

Intravenous acyclovir 10mg/kg TID for 7–10 days with

oral acyclovir or valacyclovir x 3 months ± intravitreal

foscarnet 2.4mg/0.1mL within 3 days of initial

presentation

Lower rate of retinal detachment in eyes treated with

intravitreal foscarnet (n=56) than without (n=25).

Yeh et al

201447
29 eyes,

24 patients

Systemic antiviral therapy ± intravitreal foscarnet

(2.4mg/0.1mL)

Patients with combination therapy more likely to have

improvement of visual acuity, are less likely to

experience severe visual loss, and have a decreased

incidence of retinal detachment.

Literature Evaluating the Role of Adjunctive Corticosteroids, Aspirin, Heparin, and Warfarin

Authors(s),

Year

No. of

Eyes/

Patients

Treatment Outcomes

Choudhury

et al 201454
4 eyes,

4 patients

Oral valacyclovir 2g TID with oral prednisone 1mg/kg

daily plus intravitreal triamcinolone acetonide (4mg/0.1)

Reduction of vitritis and resolution of retinitis in 4/4

patients. Final visual acuity improved in 3/4 patients.

Aizman et al

200719
10 eyes,

8 patients

Oral valacyclovir 1g TID or oral famciclovir 500mg TID

with oral prednisone

Active retinitis resolved in 10/10 eyes; 3 eyes developed

retinal detachment. No involvement of fellow eye after

treatment started.

Lau et al

200712
27 eyes,

22 patients

Intravenous acyclovir 10mg/kg TID followed by oral

valacyclovir or acyclovir ± oral prednisolone 1mg/kg

daily

Systemic corticosteroid treatment given before ARN

diagnosis did not increase risk of retinal detachment.

Tibbetts et al

201018
58 eyes,

58 patients

Systemic antiviral therapy ± aspirin and oral steroids Neither aspirin nor oral steroids affected final visual

outcomes.
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Acyclovir and valacyclovir are well tolerated in the

oral form, but intravenously administered can cause neu-

rotoxicity and renal toxicity due to a crystalline

nephropathy.36 Patients can commonly experience

a headache, rash, and gastrointestinal symptoms.

Immunocompromised patients taking valacyclovir are at

a higher risk for nephrotoxicity and thrombocytopenia and

need to be regularly monitored; these patients are specifi-

cally at risk for thrombotic thrombocytopenic purpura/

hemolytic uremic syndrome (TTP/HUS).36

Famciclovir can be similarly associated with a rash,

headaches, and gastrointestinal symptoms.

Ganciclovir, when given intravenously, is commonly

associated with bone marrow suppression resulting in ane-

mia, granulocytopenia, and thrombocytopenia and renal

toxicity.36 Intravitreal injections of this medication carry

the additional risk of endophthalmitis, vitreous hemor-

rhage, and retinal detachment. Valganciclovir has

a similar adverse effect profile as ganciclovir as it is

a prodrug for ganciclovir.

Foscarnet can result in headaches and gastrointestinal

symptoms and less likely can result in nephrotoxicity,

hypocalcemia, and neurotoxicity.36 Intravitreal injections

of this medication carry the additional risk of endophthal-

mitis, vitreous hemorrhage, and retinal detachment.

While these medications are often given in conjunction

with an infectious disease specialist, it is important to

understand the potential risks in this particularly suscepti-

ble population.

Systemic Therapy: Intravenous Antivirals

Intravenous antiviral therapy was historically the standard

of care and is still applicable in specific cases.

Blumenkranz et al first described their experience with

intravenous acyclovir in 13 eyes of 12 patients with

ARN who were treated with acyclovir 1500 mg/m2/day

for a mean of 10.9 days. Patients were treated with oral

aspirin or warfarin and 9 of the 12 patients were treated

with oral corticosteroids. While progression of the lesions

was noted during the first 48 hours following initiation of

therapy, regression of the lesions was first noted at 3.9

days following therapy but required 32.5 days for com-

plete resolution. The incidence of a retinal detachment was

86.6%, which was higher than for untreated historical

controls. Three of the 11 patients with unilateral disease

developed fellow eye involvement in a time period ranging

from 1 to 5 years later.15 Subsequent reports featuring

treatment with high dose intravenous acyclovir followed

this report and noted lower rates of retinal detachments

when compared to earlier case series.44,45

Palay et al conducted the first retrospective comparative

study of ARN patients treated with intravenous acyclovir

compared to observation. This case series had a total of 54

immunocompetent patients with unilateral disease; 31 were

treated with intravenous acyclovir 1500 mg/m2/day for 7–10

days and then oral acyclovir for 2–4weeks (unknown dose and

frequency) and the remaining 23were observed. Of the treated

patients, 87% remained disease-free in the contralateral eye

versus 30% of the untreated patients.17

Table 2 Summary of Literature Evaluating Adjunctive Therapies

Literature Evaluating the Role of Prophylactic Laser

Authors(s), Year No. Eyes Treated Retinal Detachment Incidence

Lau et al 200712 17 lasered, 10 not lasered 35% lasered, 80% not lasered

Tibbets et al 201018 19 lasered, 39 not lasered 58% lasered, 46% not lasered

Crapotta et al 199345 13 eyes lasered 23% of treated patients

Sim et al 200943 15 lasered, 8 not lasered 40% lasered, 38% not lasered

Tibbets et al 201018 6 lasered, 19 not lasered 0% lasered, 26% not lasered

Cochrane et al 201213 11 lasered, 32 not lasered 22% lasered, 44% not lasered

Literature Evaluating the Role of Prophylactic Pars Plana Vitrectomy

Authors(s), Year No. Eyes Treated Retinal Detachment Incidence

Hillenkamp et al 20099 30 eyes, 10 early PPV 90% observation group, 40% early PPV group

Iwahashi-Shima et al 201356 104 eyes, 48 early PPV 70% observation

Ishida et al 200957 18 eyes, 11 early PPV 43% observation group, 27% early PPV group

Luo et al 201258 37 eyes, 16 early PPV 71% observation group, 13% early PPV group
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Admission to a hospital is costly and often ARN

patients are admitted for an extended amount of time,

putting them at risk for developing hospital-related dis-

eases. There is a role for hospitalization with intravenous

administration of antivirals in patients who have substan-

tial barriers to treatment/care (eg homeless), those who

cannot reliably take oral medication, and elderly patients

requiring extensive care. Oral antivirals provide us with

additional treatment options, but the role of intravenous

antivirals is particularly important for these specific groups

of patients.

Systemic Therapy: Oral Antivirals

Oral antivirals have become increasingly popular when

administered with adjunct intravitreal antivirals. Oral treat-

ment allows for the outpatient treatment of ARN which is

cost-saving and avoids exposure of the patient to hospital-

acquired diseases. Huynh et al demonstrated that oral

valacyclovir can reach concentrations in the vitreous and

achieve inhibitory ranges of HSV-1, HSV-2 and VZV.42 Of

note, there are no studies directly comparing oral and

intravenous therapy. Comparisons across studies are diffi-

cult given the retrospective nature of the studies, with

differences in the reported baseline parameters and out-

come measurements.

Tibbetts et al studied oral antivirals with historical

controls treated with intravenous antivirals. This group

conducted a retrospective multicenter study examining 58

patients with unilateral disease. Patients were divided into

the acyclovir-only era (36 eyes from 1981 to 1997) and the

new antiviral era (22 eyes from 1998 to 2008). The

patients in the acyclovir-only era received intravenous

acyclovir for 7–10 days. Half of these patients continued

their antiviral treatment with six weeks of oral acyclovir

while the other half did not. In the new antiviral era group,

15 eyes were initially treated intravenous acyclovir and 6

of these patients also received intravitreal antiviral therapy.

Seven of the patients in this new antiviral group were

initially managed with oral therapy with or without con-

comitant intravitreal therapy. Two of these patients were

started on oral antivirals and then switched to intravenous

therapy, but the clinical course and the reasoning for this

decision were not explained. Initial antiviral treatment

management was at the discretion of the ophthalmologist

and baseline characteristics of these patients were not

described. The choice of initial oral or intravenous anti-

viral therapy did not have an effect on the final visual

acuity outcome or development of a retinal detachment.18

Additional case series by Emerson et al and Taylor et al

assessed the use of oral valacyclovir without intravitreal

therapy in patients with similar outcomes.20,46 Emerson

et al reviewed 6 eyes of 4 patients who were treated with

oral valacyclovir 1000mg three times daily or famciclovir

500mg three times daily for a total duration of 5 weeks to

3 months.46 Symptoms and visual acuity improved within

2 to 4 weeks in 3 of the 4 patients.46 Neither eye with

initial unilateral involvement developed findings in the

fellow eye.46 Taylor et al reviewed 10 eyes of 9 patients

who were treated with oral valacyclovir. Observed retinitis

resolved in 100% of affected eyes with a median time to

complete resolution of 21 days.20 None of the patients

experienced either disease reactivation or second eye

involvement over the course of the study.20 The current

body of evidence suggests that oral and intravenous ther-

apy have comparable outcomes and that either is effective

for induction therapy; however, future studies should

directly compare oral versus intravenous antiviral therapy

in the initial management of ARN.

Intravitreal Therapy

In recent years, adjuvant therapy with intravitreal antivir-

als has become increasingly popular. There are several

retrospective case series which include data from patients

treated with intravitreal therapy, but there are two studies

which purposely address the use of intravitreal antivirals in

patients being treated with systemic antivirals.11,47

Additionally, a number of case reports and series support

the use of monotherapy of intravitreal foscarnet and

ganciclovir27,48–50 or even simultaneous use of both agents

intravitreally.14,51

Wong et al describe outcomes from 104 eyes that

received intravenous acyclovir for 7–10 days followed by

oral antiviral therapy at two study sites. All of the patients

at one study site (64 eyes) received an intravitreal injection

of foscarnet within 3 days of presentation while none of

the patients at the second study site (40 eyes) were given

intravitreal antiviral. The combination treatment was asso-

ciated with a reduced risk of retinal detachment (35% vs

60%) when compared to systemic treatment alone. Visual

acuity data were not presented and follow-up differed

between the two sites, but this was the first study to

evaluate an outcome using intravitreal antivirals.11

The other comparative study was completed by Yeh

et al. The systemic only group was treated with two weeks

of intravenous antivirals followed by oral antivirals. The

systemic plus intravitreal injection group was treated with
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either intravenous acyclovir or oral valacyclovir in combi-

nation with serial foscarnet injections every 3–4 days until

there was no evidence of active disease. There was no

difference between the groups in the presenting visual

acuity. Follow-up differed greatly between the groups

with the combination group having a shorter follow-up

(27 months vs 64 months). The patients receiving combi-

nation therapy were more likely to gain 2 lines of vision

and showed a significant decrease in the incidence of

retinal detachment. Additionally, the incidence of severe

vision loss to 20/200 or worse was reduced in the combi-

nation group.47

There is a clear benefit to using combination systemic

and intravitreal antiviral therapy to reduce significant

vision loss and reduce the incidence of retinal

detachment.10,47,52 The foscarnet dose of 2.4mg in 0.1mL

in an adult eye provides excellent local control of the virus

given that the injected concentration is 20- to 30-fold

higher than following intravenous administration, which

far exceeds the reported inhibitory concentration levels.33

Corticosteroids, Aspirin, Heparin, and Warfarin

Acute decreases in vision resulting from ischemic optic

neuropathy have led to trials looking into the effect of

anticoagulants such as aspirin, along with high-dose oral

steroids after initiation of antiviral therapy. Corticosteroids

can be employed both topically and orally to decrease the

severe inflammatory response associated with ARN. Some

advocate the addition of oral corticosteroids 24 to 48 hours

after initiating antiviral treatment.53 Intravitreal corticos-

teroid injection must be used with caution as it may

potentiate the rapid progression of retinitis. Additionally,

others have supported local corticosteroid in the setting of

cystoid macular edema after the resolution of active reti-

nitis; however, potential for retinitis recurrence should be

considered and carefully monitored.54

Choudhury et al described an interventional case series

of four patients treated with valacyclovir, oral corticoster-

oids, and supplemental intravitreal triamcinolone, which

resulted in decreased vitritis and improved final VA of 20/

40 in three patients.54 Aizman and colleagues published

the only case series to assess the use of oral steroids in

addition to oral antivirals. Sixteen eyes were managed

with oral valacyclovir or famciclovir and oral steroids

were started when disease regression was observed.

Initial response to treatment was noted at an average of

6.3 days with complete resolution at an average of 17

days. None of the patients with unilateral disease

developed fellow eye involvement, but follow-up ranged

from 7 to 72 weeks.19 Systemic corticosteroid treatment

does not appear to increase the risk of development of

retinal detachment.12 Other reports are unable to conclu-

sively show an improvement in visual outcomes and

clinically appreciated inflammation with the use of

corticosteroids.18

Given the extensive retinal arteritis and retinal vascular

occlusions that occur in ARN, advocates have suggested

using adjunctive aspirin and warfarin for treatment.

Hyperaggregation of platelets has been reported in seven

patients with bilateral ARN, as determined by adenosine

5-diphosphate aggregation testing and partial prothrombin

times.55 Strong evidence, however, does not currently exist

for the use of anticoagulation. The safety of these medica-

tions should be carefully considered in conjunction with

the patient’s systemic and physical health before being

utilized.

Adjunctive Therapies
Prophylactic Laser to Prevent Retinal Detachment

There are multiple case series assessing the utility of

prophylactic laser retinopexy to decrease the risk of retinal

detachment in those patients at a particularly high risk for

this complication.12–14,18,43,45 However, there is no evi-

dence to suggest that prophylactic laser reduces the rate

of retinal detachment given limitations in the interpreta-

tions of the studies.

Tibbets et al reviewed the largest case series of 58

eyes in which 58% of the patients with laser retinopexy

developed a retinal detachment. This case series did not

present the selection criteria to decide which patients

were to be observed versus those who were to undergo

laser retinopexy.18 As is the case in much of the research

on this topic, the visual acuity in those not treated was

often worse than those treated. Laser can only be applied

when the media is clear enough to allow for the procedure

and the retinitis is limited in its retinal real estate. This

confounding factor is the major limitation in the studies

that found the rate of retinal detachment to be reduced in

those patients prophylactically treated with laser

retinopexy.12–14 The inherent selection bias and limited

evidence do not advocate for the use of prophylactic laser

retinopexy at this time. Added to this, laser retinopexy

results in increased inflammation in an eye already pla-

gued with an inflammatory response to an infectious

toxin, and this uptick in inflammatory markers can only

be detrimental.
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Early Vitrectomy Before Retinal Detachment

Rather than increase the inflammatory mediators with pro-

phylactic laser retinopexy, why not remove the damaging

inflammatory mediators and vitreoretinal traction, and

apply laser demarcation around necrotic retina to protect

the posterior pole? This question has led some to advocate

for early vitrectomy before the retina detaches in an effort

to prevent retinal detachment and protect the macula.

Several studies have evaluated the visual and anatomic

outcomes of early vitrectomy.9,56–58 The largest was con-

ducted by Iwahashi-Shima et al, who retrospectively

reviewed 104 eyes, 48 of which underwent early vitrect-

omy. The selection criteria for which eyes underwent early

vitrectomy were not described, but all patients had

a minimum of one-year follow-up. Baseline and final

visual acuity measurements did not differ between the

groups. The early vitrectomy group had a 58% final retinal

attachment rate versus 75% of the eyes in the observation

group. This is the strongest study to date and found no

anatomic or visual benefit to early vitrectomy.56

Other comparative studies found that early vitrectomy

resulted in significantly better visual acuity outcomes and

significantly decreased rates of retinal detachment.9,58

However, these studies are severely limited given different

baseline characteristics, unclear methods specifically as

related to use of silicone oil, variable follow-up time,

and no evidence of a visual benefit, and therefore cannot

allow us to conclude definitively that there is a benefit to

early surgical intervention.9,57,58

While unproven as a prophylactic measure, silicone oil

permits consistent, long-term tamponade after retinal

detachment from viral retinitis. However, no direct com-

parative studies have been conducted assessing silicone oil

versus other tamponade techniques.

Conclusion
Acute retinal necrosis, while rare, can result in severe ocular

morbidity if not accurately diagnosed and immediately trea-

ted. Treatment should begin immediately with either oral or

intravenous antivirals with concurrent intravitreal therapy to

treat active disease and prevent fellow eye involvement.

Polymerase chain reaction testing of aqueous or vitreous

can reliably and safely confirm cases of suspected ARN,

but treatment should not be delayed while awaiting results.

Induction therapy can consist of intravenous dosing of

acyclovir 10mg/kg three times a day for 7–10 days fol-

lowed by the long-term use of oral valacyclovir 2000mg

by mouth three times per day with the dose slowly

decreased over time as described in our treatment algo-

rithm (Figure 2). This particular oral dose has been shown

to provide plasma drug levels of acyclovir comparable to

when acyclovir 10mg/kg three times a day is

administered.33,38 Notably, smaller doses of oral valacy-

clovir have been successfully used.19,20,35

Research supports the use of intravitreal foscarnet as part

of the induction regimen in order to attain immediate vitreous

drug levels. The use of intravitreal antiviral reduces risk of

severe vision loss and incidence of retinal detachment, but

does not prevent fellow eye involvement and should always

be used as an adjunct to systemic therapy. We recommend

giving intravitreal foscarnet 2.4mg/0.1mL or ganciclovir

2mg/0.1mL repeated 1–2 times a week until there is disease

regression. There does not seem to be evidence that giving

both intravitreal foscarnet and intravitreal ganciclovir pro-

vides additional benefit.

Once induction therapy has been completed with sys-

temic and intravitreal antivirals, long-term maintenance ther-

apy should continue for a minimum of 6 months and consist

of oral valacyclovir 1000mg three times daily. Patients are

typically continued on oral valacyclovir 1000mg for the

remainder of their life to prevent recurrence or fellow eye

involvement. While there are no studies addressing lifelong

administration specifically, this is evidence that maintenance

therapy prevents fellow eye involvement which has been

reported to occur 20 years after initial insult to the first eye.25

With advances in laboratory diagnostics and elucida-

tion of the viral etiology of ARN, our understanding of the

disease process and associated clinical outcomes have

improved. Several retrospective studies have shown that

early treatment with high-dose systemic antiviral therapy

combined with intravitreal antiviral injections leads to

improved clinical outcomes. PCR testing of aqueous and

vitreous samples may be utilized to confirm clinical suspi-

cion of ARN. However, treatment should always be

prompt given the severe ocular and visual consequences

of delays in initiating treatment. Literature supporting

prophylactic laser and early vitrectomy is not conclusive

at this time. Additionally, many questions remain about

ARN and its treatment, specifically regarding long-term

prophylaxis antiviral treatment and adjunctive therapies.

Future Research
This is a rare disease and a true randomized prospective

clinical study would prove difficult but could help stan-

dardize the treatment regimen of this disease. It would be
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particularly helpful to assess whether specific etiologies

could benefit from early surgical intervention, combined

antiviral intravitreal injections, or different intravenous or

oral antivirals. There is growing evidence that different

viral etiologies present with varying degrees of severity,

and it has been shown that those cases due to VZV are

more severe than HSV.10,42 As our diagnostic techniques

become more advanced and our armamentarium of medi-

cations continues to evolve, particularly with regard to

resistant viral strains, therapy may need to become more

tailored in the future. Surgical techniques will also con-

tinue to evolve and the utility of early surgical intervention

will need to be re-assessed in the light of these newer

surgical techniques. As research in treatments progresses,

hopefully so will our understanding of the immune system

and why certain individuals are more prone than others to

ARN, so that we can explore preventive strategies.
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