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Introduction

Acute retinal necrosis (ARN) is a rare viral uveitis syndrome 
that results in devastating visual consequences, often even 
if properly diagnosed and treated. It was first described in 
Japan in 1971 by Urayama et al. as a syndrome characterized 
by unilateral panuveitis, vitritis, acute necrotizing retinitis, 
retinal arteritis, and rhegmatogenous retinal detachment, 
but the first evidence of its herpetic etiology was reported 
by Culbertson et al. in 1982 (1,2). Since then, multiple 
viruses in the herpesvirus family have been found to be 
causative agents, with varicella zoster virus (VZV) identified 

as the most common etiology, followed by herpes-simplex 
virus 1 and 2 (HSV-1, HSV-2), cytomegalovirus (CMV), 
and Epstein-Barr virus (3,4). Clinical treatment has been 
guided primarily by retrospective case series, case reports, 
and expert opinion; nonetheless, significant advances have 
been made to establish prompt diagnosis and treatment of 
this potentially destructive panuveitis syndrome. 

Epidemiology

The exact incidence of ARN is unknown, but two surveys 
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in the UK estimated an incidence of 1 case per 1.6 to 2.0 
million population per year (5,6). There are 50,000 new 
and recurring cases of ocular manifestations of HSV in the 
U.S. each year, and the disease burden will likely increase 
due to the aging population and increased number of 
immunosuppressed individuals (7). ARN has no identified 
predilection with regard to race or gender, but a genetic 
association has been shown in Caucasian patients with 
the HLA-DQw7 antigen and HLA-Bw62 phenotype, 
suggesting a possible immune predisposition for developing 
ARN (8). Furthermore, ARN most commonly affects 
otherwise healthy adults, contrasting progressive outer 
retinal necrosis (PORN), another subtype of herpetic 
retinopathy that affects immunocompromised patients. A 
temporal pattern of incidence of ARN has been observed 
in one report, with cold-weather seasons preceding the 
highest rates of infection. This is consistent with patterns 
of seasonal variability observed in other types of infections 
associated with the Herpesviridae family (9).

Diagnosis

In 1994, the American Uveitis Society established standard 
diagnostic criteria for ARN based on clinical presentation 
and disease course, including: (I) 1 or more foci of retinal 
necrosis with discrete borders located in the peripheral 
retina; (II) rapid progression in the absence of antiviral 
therapy; (III) circumferential spread; (IV) evidence of 
occlusive vasculopathy with arterial involvement; (V) 
prominent inflammatory reaction in vitreous and anterior 
chamber. The differential diagnosis for patients presenting 
with similar symptoms includes infectious and non-
infectious entities, such as toxoplasma chorioretinitis, 
CMV retinitis, syphilis, Behcet’s disease, lupus vasculitis, 
and sarcoidosis (10). Primary or secondary vitreoretinal 
lymphoma may also present with features mimicking  
ARN (11).

Since the diagnostic criteria was established in 1994, 
advances in polymerase chain reaction (PCR) techniques 
and widespread availability of the test have made it possible 
to accurately identify the causative virus. While laboratory 
data has not been included in the diagnostic criteria for 
ARN, PCR testing of anterior chamber or vitreous fluid has 
become increasingly valuable in diagnosis and is warranted 
in all patients where testing is available. These tests are 
highly sensitive with a virus detection rate in 79–100% of 
cases with suspected ARN (12). Given the high sensitivity 
of PCR diagnostics, a negative test should prompt the 

clinician to consider alternative diagnoses or conversely, 
consider retesting the aqueous humor sample if these is a 
suspicion for a false negative result. A number of studies 
have compared the detection rates of aqueous and vitreous 
fluid samples with no clear difference in the ocular fluid 
assessed (12,13).

Quantitative PCR testing can not only identify the 
specific virus to assist in treatment but may also assist the 
clinician to follow intraocular DNA levels during patient 
treatment or if the disease appears recalcitrant to systemic 
and intravitreal therapy. Viral load monitoring can provide 
evidence for prognosis and resistance to antiviral treatment. 
High DNA copy number has been associated with worse 
visual acuity, more extensive retinitis, and development 
of retinal detachment (14,15); however, a retrospective 
case series by Von Hofsten et al. found no correlation 
between viral load and visual outcome (16) and Sato, et al. 
found no change in viral load in patients after IV acyclovir  
treatment (13). Another study of viral load kinetics of ARN 
patients found a 3-phase change in viral load through the 
disease course, and treatment resistance was associated with 
a prolonged initial plateau period of viral load (17). Further 
evidence is needed regarding the value of viral load for 
monitoring disease. 

Clinical features and outcomes

ARN presents with a clinical presentation of acute 
panuveitis with findings that may include anterior uveitis, 
scleritis, vitritis, occlusive vasculitis, necrotizing retinitis, 
and optic disc edema (Figure 1A). Visual outcomes may be 
poor in some patients, with one report describing visual 
acuity (VA) worse than 20/200 six months after onset of 
symptoms in half of their patients (5). A number of patient-
specific and clinical prognostic factors have been studied for 
correlation with visual outcomes. Poorer initial visual acuity, 
delay in treatment, increased total area of retinitis, and zone 
I involvement of the retina (one disc diameter surrounding 
the disc and 2 disc diameters around the fovea) may portend 
a poorer visual prognosis and higher incidence of retinal 
detachment (18-20). The rate of retinal detachment (RD) 
varies in the literature and has ranged from 20–73% of 
treated eyes but is the most common cause of vision loss. 
Other possible vision-compromising complications include 
optic atrophy, cystoid macular edema, retinal atrophy, 
macular hole, and epiretinal membrane formation (21). The 
morbidity of ARN increases with central nervous system, 
such as encephalitis or meningitis, and contralateral eye 
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involvement (12). Bilateral disease, either simultaneous or 
sequential, occurs in up to 70% of untreated patients and up 
to 90% of immunocompromised patients, and contralateral 
disease can occur from a few months to years later (22-24). 
In a study of 54 patients by Palay et al., 31 patients were 
treated with acyclovir while 23 were not. Twenty-seven 
(87%) patients treated with acyclovir remained disease-
free in the fellow eye, whereas only seven (30%) patients 
not receiving acyclovir remained disease-free at a median of  
11 months of follow-up (23). 

The course of ARN is often complicated by secondary 
RD. ARN has the highest incidence of RD compared to all 
other causes of uveitis, and patients with VZV have been 
reported to have a 2.5 times greater risk of RD than those 
with HSV (25). A retrospective study by Butler et al. showed 
that RD was associated with the greatest risk of vision loss, 
followed by retinitis of more than 25% of the retina (26).  
A variety of surgical approaches have been reported for 
RDs in the setting of ARN, which are complicated due 
to diffuse retinal necrosis with multiple retinal breaks, 
often posteriorly located. While no difference has been 
observed when comparing outcomes between PPV with 
silicone-oil tamponade versus scleral buckling as repair 
methods for RD, visual acuity may also be limited by optic 
neuropathy, macular ischemia, and macula-off status at the 
time of the RD (27). Visual prognosis after primary repair 
of RD may remain poor despite surgical intervention due 
to high recurrence of RD. In one study, even after surgical 
repair, 46.2% of eyes developed recurrent RD, and the 
same number developed severe vision loss (28). Dave, et al.  

showed that rhegmatogenous RD occurring later in 
the disease course, systemic corticosteroid use, and oral 
valacyclovir were associated with favorable visual outcomes 
after surgical RD repair with pars plana vitrectomy (PPV) 
and silicone oil tamponade (29).

Treatment

Combination systemic and intravitreal antiviral therapy 
have become the mainstays of treatment of ARN with 
adjunctive therapies including corticosteroids for severe 
inflammation that may accompany ARN (Figure 1B). 
Laser photocoagulation has been proposed to prevent 
retinal detachment. Pars plana vitrectomy has also been 
described to prevent retinal detachment, obtain a vitreous 
specimen for diagnostic purposes, and for treatment of 
complications of ARN including RD which may occur in 
a high percentage of ARN patients, particularly eyes with 
widespread retinitis.

Medical therapy

Despite established etiological and clinical features, 
the therapeutic approach for ARN is not uniform, with 
variations in the timing of intervention and surgical 
management strategies that have evolved over time. The 
most common initial treatment was IV acyclovir after 
studies showed improved outcomes, including regression 
of retinal lesions and decreased optic nerve involvement. 
Systemic antiviral therapy also appeared to decrease 

Figure 1 Wide-field fundus photograph of a patient with Varicella-zoster virus acute retinal necrosis (ARN) shows diffuse 360 degrees 
of retinitis, vascular dropout and associated retinal hemorrhage (A). Following combination systemic and intravitreal antiviral therapy, 
resolution of the retinitis is observed with multifocal areas of retinal pigment epithelium (RPE) scarring (B).
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incidence of contralateral eye involvement in these studies. 
Palay et al. reported that in 54 patients with unilateral ARN, 
27 (87%) had fellow eyes that remained disease disease-
free when treated with acyclovir, whereas only 7 (30%) 
of fellow eyes remain disease-free when acyclovir was not 
administered (23,30). The advent of new oral antivirals with 
greater bioavailability than oral acyclovir has resulted in 
oral therapy being used more frequently as initial therapy 
with the benefit of outpatient management rather than 
inpatient IV acyclovir. Studies comparing IV acyclovir and 
oral valacyclovir concluded that while IV acyclovir reaches 
a higher maximal concentration and faster time to peak 
concentration, oral valacyclovir still reaches inhibitory 
ranges in the vitreous and is demonstrates comparable 
efficacy as a viral DNA polymerase inhibitor with no 
difference on final VA, RD, or time to regression of retinitis 
(31,32). In addition, a cost analysis of oral valacyclovir for 
10 days versus a 7 day hospital admission and IV acyclovir 
course for initial therapy further justifies an oral treatment 
as an acceptable and often preferable alternative to inpatient 
IV therapy (12). 

In addition to systemic therapy, intravitreal therapy (IVT) 
with foscarnet and ganciclovir provide direct and immediate 
treatment for active infection. Comparative studies assessing 
the role of intravitreal foscarnet showed benefit in using 
combination systemic and intravitreal therapy compared to 
systemic therapy alone. Intravitreal therapy cannot be used 
alone due to the risk of contralateral involvement without 
systemic therapy. Flaxel et al. reported reduced vison loss 
and incidence of RD, and Wong et al. showed a decrease in 
risk of RD by 67% in patients with systemic antiviral and 
intravitreal foscarnet (21,33,34). A recent study showed 
that increased number and prolonged course of intravitreal 
injections, with weekly injections until an undetectable 
aqueous humor viral load is reached, improves prognosis by 
decreasing risk of RD and improving VA (17). 

For patients with refractory disease despite standard first-
line therapy, escalation of therapy should be considered. 
There are several case reports of patients who responded 
well to intravenous foscarnet after initial treatment failure 
(35-37). In addition, the use of intravitreal ganciclovir has 
been shown to be synergistic with foscarnet and improve 
outcomes in patients with refractory disease (38,39). The 
use of biologics, while not yet a mainstay of treatment, 
is starting to be explored. Bauer et al. studied an HSV 
glycoprotein-specific antibody as an option for acyclovir-
resistant ocular disease that ultimately protected mouse 
models from developing HSV-1 induced ARN (40,41).

Use of corticosteroids and other adjunctive therapies

Given that ARN may present with a severe inflammatory 
response with clinical findings that include anterior uveitis, 
vitritis, and necrotizing vasculitis, immunomodulatory 
agents are a strong consideration after or concurrent with 
antiviral therapy. Topical and systemic corticosteroids 
can be considered in patients with severe inflammation; 
however, caution with corticosteroid is advisable as early 
initiation of corticosteroid treatment may potentiate 
viral replication and induce rapid progression of retinitis. 
Extensive retinitis with vascular occlusion may occur in 
patients with ARN treated with intravenous corticosteroid 
prior to initiation of antiviral therapy (42,43). Most patients 
receive topical steroids during the initial treatment period, 
and oral corticosteroids can be added 24–48 hours after 
the start of antiviral therapy in certain cases to minimize 
vitritis and the risk of retinal detachment (44). One case 
report of a patient treated with antiviral and simultaneous 
dexamethasone implant showed the success of treating 
intraocular inflammation with targeted steroids (39). 
Majumder, et al. reported two cases of dexamethasone 
implants in patients with CME following resolution of 
uveitis who had resolution of edema with no recurrence of 
retinitis (45). Despite success with corticosteroid therapy, 
the risk of disease exacerbation warrants its judicious use 
and close follow-up (46). 

Vascular occlusion and retinal ischemia are common 
features of ARN. While there is not yet evidence for the 
use of anticoagulation with heparin and warfarin, platelet 
hyperaggregation has successfully been treated with 
corticosteroids and aspirin (47). 

Laser photocoagulation, vitrectomy and surgical 
considerations

Because of the high incidence of retinal tears and retinal 
detachments that develop secondary to retinal necrosis, 
prophylactic measures prior to retinal detachment 
development, including laser photocoagulation and PPV 
have been utilized. 

Prophylactic laser photocoagulation creates strong 
chorioretinal adhesions posterior to the area of involved 
retina to prevent RD. Several reports have shown 
statistically significant decrease of RD in patients with laser 
prophylaxis; however, selection bias limits the interpretation 
of many of these results as patients who receive laser are 
more likely to have milder disease, less vitritis and lesions 
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more amenable to laser photocoagulation barricade 
(5,18,20,48,49). Other studies report little to no benefit 
for patients (22,50). Risseeuw et al. (51) showed that out of 
63 patients with ARN, those who underwent prophylactic 
laser had a higher rate of RD (45.5%) compared to no 
prophylactic treatment (26.7%) or pars plana vitrectomy 
(PPV) (14.3%). As a result, there is inconclusive evidence 
for the use of prophylactic laser in preventing RD in ARN 
patients. 

PPV allows for the removal of inflammatory mediators 
and vitreous traction and has been paired with silicone oil 
tamponade for subsequent RD prevention. Studies show 
variable outcomes of early PPV and studies have differed 
with respect to baseline patient characteristics and variable 
follow-up. One study showed reduction in RD with PPV, 
but there was no difference in final VA compared to patients 
who did not undergo early PPV; however, Luo, et al. found 
both reduced RD and better final VA in the PPV group 
(52-54). Ishida et al. and Liu et al. found no difference in 
recurrent RD or final VA (55,56). Even though Risseeuw et al. 
observed a reduction in risk of RRD with PPV compared to 
laser photocoagulation, the role of PPV in preventing RD 
or improving visual prognosis is still unclear (51). 

Even with appropriate therapy, RD is known to 
occur in a high proportion of ARN cases. Preoperative 
evaluation includes an assessment of whether the infection 
remains active or inactive, as this may affect the dosing of 
intravitreal antivirals (i.e. dosage of foscarnet or ganciclovir 
in an oil-filled eye). Our preference is to delay surgery until 
the infectious process has demonstrated improvement or 
resolved where possible. If the RD is localized and macula-
sparing, RD repair will be undertaken with concomitant 
administration of an intravitreal antiviral agent at the time 
of silicone instillation. Surgical therapy consists of pars 
plana vitrectomy, endolaser, and silicone oil tamponade is 
generally favored to long-acting gas therapy because of the 
high rate of proliferative vitreoretinopathy development 
and risk of recurrent RD. In one series, of 15 eyes that 
developed RD, 13 underwent surgical repair and six patients 
(46%) developed RD recurrence (28). Scleral buckling is 
a consideration in some patients; however, the posterior 
extent of retinitis, clock-hours of RD, and amount of retina 
that needs to be supported are important considerations in 
whether a scleral buckle may be helpful (e.g., a patient with 
12 clock-hours of RD would not derive the same benefit as 
a patient with an inferior, macula-on RD with a tractional 
component). 

Role of long-term prophylactic antiviral therapy

After resolution of active ARN, some authors have 
suggested long-term, or even lifelong use of oral valacyclovir 
for the prevention of contralateral involvement. Limited 
evidence is available on the benefit of long-term antiviral 
therapy for herpetic retinitis although one early study on 
IV acyclovir showed a reduction in fellow eye involvement 
from 70% without acyclovir to 13% with acyclovir (23). 
The Herpetic Eye Disease Study Group previously 
evaluated oral acyclovir for the prevention of epithelial and 
stromal keratitis for patients with prior HSV eye disease 
and found that the cumulative probability of ocular HSV 
recurrence during a 1-year acyclovir treatment period was 
19% in patients receiving acyclovir and 32% in patients 
receiving placebo (57). While this difference has not been 
definitive shown in ARN patients, the potential blinding 
complications of ARN if it occurs in the contralateral, 
initially unaffected eye can be profound. Dosing for long-
term valacyclovir use varies between 500 mg to 1 g twice 
daily, but multiple factors are considered including the 
patient’s visual acuity in the affected eye (i.e., whether the 
patient is functionally monocular), the patient’s kidney 
function and any risk of exacerbation of kidney disease that 
would require renal dosing, and other HSV comorbidities 
(e.g., history of genital herpes, HSV encephalitis, oral 
ulcers). These decisions are made on a patient-by-patient 
basis taking into consideration the overall health of the 
patient, risk of medication, and risk to the fellow eye. 

Conclusions

ARN is a rare infectious panuveitis syndrome with 
potentially, rapidly progressive, vision-threatening 
complications that requires prompt diagnosis, appropriate 
therapy, and close follow-up to ensure the best possible 
visual outcomes. Therapy should be started immediately in 
patients with suspected ARN. PCR diagnostics have greatly 
improved our ability to quickly and accurately identify 
herpetic etiology of ARN and initiate prompt antiviral 
therapy, and viral load detection may assist in determining 
prognosis and evaluating a patient’s response to treatment. 
A number of systemic and local therapies are available for 
treatment, but current evidence suggests systemic (IV or 
oral) antiviral with adjunctive intravitreal foscarnet as first-
line initial therapy to immediately limit the extent of disease,  
reduce the risk of severe vision loss and incidence of RD.

While intravitreal therapeutics may control the disease 
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locally, additional studies may refine our protocols related to 
the frequency and course of antiviral therapies. In addition, 
the combination of foscarnet and ganciclovir have been 
successful for cases of severe or refractory disease. The use 
of topical and systemic corticosteroid as adjunctive therapy 
improves inflammation. However, more evidence is needed 
to determine the timing of systemic corticosteroid therapy, 
as blinding complications of ARN have been reported with 
parenterally and locally administered corticosteroid when 
patients are not given concomitant antiviral therapy. The 
management of ARN also includes an understanding of the 
timing and approach to surgical repair of RD, as well as 
appropriate patient counseling regarding the prognosis and 
need for surgery in some situations. Long-term maintenance 
therapy with oral therapy is a strong consideration to 
prevent disease recurrence or contralateral involvement, but 
should account for the functional status of the affected eye, 
kidney disease, and potential risk of vision loss if the patient 
is functionally monocular. While significant advances 
have been made to diagnose and manage ARN, further 
studies are needed to refine disease protocols and improve 
outcomes for this challenging infectious uveitis syndrome. 
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