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Abstract

Acute retinal necrosis is a viral syndrome characterized by a panuveitis with necrotizing retinitis
that may be complicated by retinal detachment, vaso-occlusion, optic neuropathy, and other causes
of decreased visual acuity. Polymerase chain reaction testing provides a rapid and sensitive
method of identifying the viral etiology of acute retinal necrosis, which is most commonly caused
by herpes simplex virus type 1, herpes simplex virus type 2, and varicella zoster virus. Prompt
diagnosis and treatment is paramount to prevent further vision loss. We review the management of
acute retinal necrosis including systemic, local intravitreal, and combination antiviral medications.
We also discuss the appropriate and inappropriate use of corticosteroids, laser retinopexy, surgical
therapy, and other adjunctive measures.

Introduction

Acute retinal necrosis (ARN) is a rare infectious viral uveitis syndrome that manifests as a
necrotizing retinitis and may result in a devastating visual outcome if not accurately
diagnosed and treated. The first report of this clinical entity was in 1971, but it was not
until 1982 that Culbertson et al. reported the herpetic etiology of ARNZ3 Since this initial
finding, further work has shown that ARN is caused by multiple members of the herpes
family including varicella zoster virus (VZV), herpes simplex 1 and 2 (HSV-1, HSV-2),
cytomegalovirus (CMV), and infrequently, Epstein-Barr virus (EBV).3-6

Clinical Features

ARN commonly causes an acute panuveitis syndrome that may ultimately affect multiple
ocular tissues. Findings previously reported include anterior uveitis (granulomatous and
non- granulomatous), vitritis (Figure 1), optic disk edema, occlusive vasculitis, necrotizing
retinitis, and scleritis. Long-term sight threatening complications include retinal detachment
in 50-75% of patients (Figure 2), optic atrophy, cystoid macular edema, retinal atrophy,
macular hole, and epiretinal membrane formation.” A genetic association has been shown in
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Caucasian patients who have the HLA-DQw?7 antigen and the HLA-Bw62, DR4 phenotype,
which suggests there may be an immune predisposition to developing ARN.8

Diagnostic Criteria

In 1994, the clinical diagnostic criteria of ARN was defined by the American Uveitis
Society and includes anterior and posterior uveitis, peripheral retinal necrosis, occlusive
vasculopathy, and disease progression without therapeutic intervention.® Histological
analysis of the retina in ARN shows inflammatory cell (lymphocytes and plasma cells)
infiltration of the retina and around vascular networks with eosinophilic intranuclear
inclusions suggestive of herpes virus particles.10

Diagnosis

Polymerase chain reaction (PCR) analysis or local antibody analysis (i.e. calculation of
Goldmann-Witmer coefficient) from anterior chamber fluid or vitreous fluid can identify the
particular virus causing ARN. Prior studies support the utility of PCR analysis with a
sensitivity and specificity of greater than 90% in detecting VZV, HSV, and CMV (Figure 3).
Given the developments in PCR and its usefulness in the diagnosis of ARN, PCR is
currently the preferred method of viral diagnosis.11~15 It has been proposed to include
laboratory data in the diagnostic criteria for ARN.16 Both qualitative and quantitative real-
time PCR testing may be used both to ascertain the etiology of ARN and potentially to
assess the response of ARN to therapy.1”:18 The differential diagnosis for ARN includes
other infectious and inflammatory processes such as syphilis, toxoplasmosis,
cytomegalovirus retinitis, Behcet’s disease, pars planitis, sarcoidosis, and intraocular
lymphoma.1?

Epidemiology

The exact incidence of ARN is unknown, but in 2007 the United Kingdom estimated that
there is 1 case per 1.6 to 2.0 million population per year.20 In the United States, no data
exists on the incidence of ARN. A report in 1988 predicted that there are 48,000 new cases
of ocular HSV disease although the proportion of patients with retinal involvement was not
defined.2! With the aging population and the increased number of individuals that are
immunosuppressed this disease burden may increase. It is important to diagnose and treat
ARN promptly and appropriately.22 Herein, we review the major advances in therapy for the
management of ARN.

Treatment

Historically, treatment was supportive therapy with or without corticosteroids, which
commonly led to progression of the retinitis, fellow eye involvement, and poor visual
outcomes. With the discovery of the herpes family causing the retinitis, antiviral therapy
emerged as well as other adjunct therapies including corticosteroids, aspirin, warfarin,
prophylactic laser, and vitrectomy.
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Systemic Therapy

The goals of systemic therapy are to inhibit viral replication and halt disease progression in
the affected eye and prevent involvement of the unaffected eye. Systemic therapy for ARN
includes intravenous and oral acyclovir, oral valacyclovir, famciclovir, and valganciclovir,
and intravenous foscarnet and ganciclovir. Historically, ARN was treated initially with
intravenous acyclovir (1500 mg/m?2/day) for 5-10 days and transitioned to oral acyclovir
(800 mg 5 times/day) for 4-6 weeks. Acyclovir therapy has been shown to decrease viral
progression and prevent bilateral eye involvement.

Specifically, Palay et al. showed in his retrospective review that paraenteral acyclovir
followed by oral acyclovir significantly decreased second eye involvement and that second
eye disease was more likely to occur in the first 14 weeks after the initial infection. Patients
treated with acyclovir developed bilateral disease in 12.9% of patients and patients that were
acyclovir naive developed fellow eye disease in 69.6% of individuals.23:2425 Given the
development of more cost-effective drugs and improved pharmacokinetics of other oral
agents with regards to their improved vitreous penetration, other therapies, particularly the
val- esters may be preferable as first-line therapy in ARN.

Oral acyclovir has poor bioavailability in plasma when compared to valacyclovir (acyclovir
pro-drug). Valacyclovir is capable of achieving plasma levels comparable to intravenous
acyclovir making valacyclovir an excellent oral option for the treatment of ARN and avoid
the need for hospitalization or home therapy for intravenous acyclovir.28:27 Huynh et al.
demonstrated that oral valacyclovir (1 gram TID) can reach concentrations in the vitreous
and achieve inhibitory ranges of HSV-1, HVS-2, and VZV.28 Furthermore, multiple case
reports support valacyclovir’s use in ARN and it has been shown to be effective in halting
disease progression and preventing second eye involvement.26:29-31 Aslanides et al. treated
3 patients with ARN with valacyclovir and prophylactic laser photocoagulation. Regression
of the retinitis was seen in 4 days to 2 weeks with no contralateral eye involvement or
mention of retinal detachment.39 Some case reports use valacyclovir 1 gram twice daily
dosing while other use it three times daily. Valacyclovir at twice daily dosing increases the
acyclovir bioavailability to 54% compared to 20% with acyclovir 800mg 5 times/day. In
addition, treatment with valacyclovir reduces overall medical cost and decreases the loss of
productivity cost in cost-consequence analysis.32

Another oral antiviral famciclovir (pro-drug for penciclovr) has been used to successfully
treat ARN. In one case report famciclovir 500mg TID was effective in the treatment of a
patient with VZV-ARN resistant to traditional acyclovir therapy.33 Oral famciclovir 500 mg
TID can achieve vitreous concentrations to inhibit VZV, HSV-1, and HSV-2.33 Aizman et
al. reported their treatment of four patients with valacyclovir and four with famciclovir.
Patients in their series showed clinical improvement and regression of the retinitis in all
patients as early as 4 days after initiation of treatment, no contralateral eye involvement with
30.7% of patients (3 patients) developing retinal detachment. He also used prophylactic laser
retinopexy and oral steroids in select patients.26

Intravenous ganciclovir and valganciclovir (pro-drug of ganciclovir) have been used less
frequently in the treatment of ARN and are the first line therapy in CMV retinitis.3#35
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Valganciclovir has excellent bioavailability and has been shown to be as efficacious as
intravenous ganciclovir for the treatment of CMV retinitis.3¢ Savant et al. reported
improvement of vision from 6/12 to 6/6 with regression of the VZV-ARN within one week
of treatment with valganciclovir 900 mg BID.37 Both intravenous ganciclovir and
valganciclovir are used more commonly in CMV retinitis, CMV-associated ARN, and cases
of ARN refractory to therapy. However, renal function and bone marrow suppression are
considerations in patients treated with ganciclovir.

Intravenous foscarnet is another antiviral medication that may be used for the treatment of
ARN. Typically foscarnet is reserved for patients who have failed traditional antiviral
therapy. Foscarnet is a DNA polymerase inhibitor and does not depend on viral thymidine
kinase for activation making it more effective in treating resistant strains. Rabbit models of
intravenous foscarnet at 120 mg/kg did prove to achieve the 50% inhibitory concentration in
the vitreous for CMV.38 Antiviral resistant strains of HSV in immunocompetent individuals
is extremely rare (0.1-0.7%), but increases in immunocompromised patients (3.5-10%).3°
Intravenous foscarnet is effective in treating viral retinitis resistant to traditional therapy. In
one case report of a 17-year-old male with HSV-2 associated ARN resistant to acyclovir and
ganciclovir, intravenous foscarnet was initiated and successfully halted the progression of
retinitis.40:41

Intravitreal Therapy

Intravitreal therapy options for ARN include intravitreal foscarnet and ganciclovir. This
provides direct and immediate therapy to the area of active infection, which may be
necessary given the aggressive nature of ARN. Berthe et al. showed that no retinal toxicity
was observed with single and repeat intravitreal foscarnet (2.4mg/0.1cc) injections by
ophthalmic exam, histological analysis of the retina, and by electroretinogram in rabbit
eyes.*2 In addition, intravitreal pharmacokinetics of intravitreal foscarnet and ganciclovir
have been studied in rabbit eyes. The mean inhibitory concentration for herpes viruses was
reached up until 60 hours and 36 hours after treatment with intravitreal ganciclovir and
intravitreal foscarnet respectively.3 A number of case reports support the use intravitreal
foscarnet and ganciclovir in individuals resistant to initial systemic therapy or in patients
with side effects leading to termination of antiviral agents.#0:44-47

Combination systemic and intravitreal antiviral therapy

The combination of systemic and intravitreal therapy has increasingly reported as a
treatment paradigm for patients with ARN. Flaxel et al. recently reported their single-center,
interventional, comparative case series of 24 patients with ARN treated over a twenty-year
period. Twelve patients received combination systemic and intravitreal antiviral therapy
while 12 patients received systemic therapy alone. Patients receiving combination therapy
showed a higher incidence of two-line-or-greater visual acuity and decreased incidence of
retinal detachment and severe visual acuity loss to 20/200 or poorer when compared to
patients who received systemic antiviral alone.1#8 Using a Cox regression model, factors
contributing to the development of RD were also assessed in this work. Interestingly, an
increased risk of RD was observed in patients receiving prednisone. Although this finding
may seem counterintuitive, selection bias could be a factor as patients with greater degrees
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of inflammation and likely increased risk of RD would be more likely to require oral
prednisone. Nonetheless, the 29% rate of RD observed in their series compared favorably to
prior series that showed a RD rate varying from 17% to 85%.

Several other authors have evaluated patients who were treated with combination systemic
and intravitreal antiviral therapy. Wong et al. demonstrated a decrease in the risk of retinal
detachment by 67% in patients treated with systemic antivirals and intravitreal foscarnet
injections.*® Meghpara et al followed 20 patients with ARN over a ten-year period and
intravitreal injections were administered in 11 of 25 eyes. They observed that when stratified
by quadrantic involvement (i.e. < 25%, 25-50%, or > 50% of retina affected), patients with
moderate disease (i.e. 25-50% retina involved) did well with intravitreal therapy.
Specifically, this cohort of patients benefited from stable or improved visual acuity. While
these series showed improved functional and anatomic outcomes, Tibbetts et al. found that
there was no statistically significant difference in the visual acuity and prevalence of retinal
detachment in patients treated in the acyclovir-only era compared to the newer antiviral era.
In addition 75% of patients had a visual acuity of 20/200 at 5-year follow with 50%
developing retinal detachment.59 However, the minority of the patients in their series
received intravitreal injections and further studies are needed to define whether intravitreal
antiviral therapies are a primary therapy for all patients with ARN and the proper dosing
regimen to optimize clinical outcomes.

Adjunctive Therapies

Appropriate

Aggressive antiviral therapy is the mainstay treatment for ARN. Corticosteroids, aspirin,
warfarin, prophylactic laser, and vitrectomy are proposed adjuvant therapies for this
condition.

and Inappropriate Use of Corticosteroids

ARN characteristically features an intense inflammatory response manifesting as anterior
uveitis and vitritis, as well as a necrotizing, obliterative vasculitis. Corticosteroids in the
form of topical drops, oral preparations, and periocular and intravitreal injections are
modalities for delivery of corticosteroids in ARN. Careful consideration must be given to
the timing of corticosteroid administration. If initiated too early or without co-administration
of systemic antiviral treatment it may potentiate viral replication and cause rapid progression
of the retinitis.10:51-53

Oral corticosteroids are typically added to the treatment regimen at 24—-48 hours after
initiation of antiviral therapy. An interventional case series of 4 patients treated initially with
valacyclovir (2 gram TID) and oral corticosteroids (1 kg/mg/day) with supplemental
intravitreal triamcinolone acetonide (4mg/.1) after one week of treatment showed there was
a decrease in the vitritis and improved vision with a final visual acuity of 20/40 in 3 of 4
patients.6:54 Other reports are unable to conclusively show an improvement in outcomes
and the inflammatory response with the use of corticosteroids.>0:55

Both the development of ARN de novo and the severe exacerbation of ARN following
systemic and local corticosteroid administration are reminders of the importance of judicious
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use of corticosteroid-based therapies whenever an infectious viral uveitis is a diagnostic
consideration. Weissman et al recently described a patient who developed bilateral central
retinal artery occlusions associated with HSV-ARN. Following a suspected diagnosis of
optic neuritis based on optic disc edema and headaches, the patient received three pulse
doses of intravenous solumedrol. The patient developed a fulminant, bilateral acute retinal
necrosis, vitreous hemorrhage, and combined tractional and rhegmatogenous retinal
detachments. Despite aggressive therapy including hospitalization for intravenous antivirals
and repeated intravitreal foscarnet and ganciclovir injections, bilateral severe vision loss to
hand motions level developed at final follow-up.>® Other reports of severe cases of herpetic
retinitis following corticosteroids include patients with presumptive optic neuritis, optic
neuropathy, and seventh nerve palsy of unclear etiology.57°85% ARN has also been
described in patients treated with intravitreal triamcinolone for choroidal neovascular
membranes.60.61

Aspirin, Heparin, and Warfarin

The pathogenesis of ARN involves vascular occlusion manifesting as retinal ischemia.®?
Hyperaggregation of platelets is reported in ARN and has been treated successful with
corticosteroids and aspirin.63 Other therapies for anticoagulation include heparin and
warfarin. Strong evidence does not currently exist, however, for the use of anticoagulation.
In addition, the safety of these drugs in the context of other systemic diseases in each patient
is an important consideration9.25

Surgical Considerations in Acute Retinal Necrosis

One of the most common complications in ARN is the development of atrophic retinal holes
and rhegmatogenous retinal detachments (RRD) that develop secondary to retinal necrosis
leading to retinal atrophy and vitreoretinal traction. Because of the resultant visual loss that
may ensue following this complication, measures to prevent RD including laser retinopexy
and early vitrectomy prior to RD development have been discussed as therapeutic options.

Prophylactic laser photocoagulation

Prophylactic laser photocoagulation has been used to prevent retinal detachment by creating
strong chorioretinal adhesions posterior to the area of the involved retina.64 Meghpara et al.
noted in their retrospective chart review that the 6 patients treated with prophylactic laser
did not develop retinal detachments.55 Lau et al. demonstrated in their cohort of 22 patients
that prophylactic laser retinopexy decreased the incidence of retinal detachment from 80%
to 35.3% in the treatment group.®> While some cases series note decreased reports of retinal
detachment others report minimal benefit.59.66.67 Factors that prevent laser photocoagulation
in ARN patients are vitreous inflammation and the view of the posterior pole. This may bias
the results of retrospective reviews where patients receiving laser therapy have less retinal
involvement and vitreous inflammation which would favor better outcomes.10.64

Pars plana vitrectomy

Prophylactic vitrectomy has also been described for the prevention of RRD. Cases reports
show variable outcomes with prevention in some series but of the failure to prevent RRD in
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others. In one retrospective review of 104 patients in which 48 eyes received a prophylactic
vitrectomy at final follow up 52% of the retinas were attached in the vitrectomy group and
75% of the retinas were attached in the non-vitrectomy group.58-72

Conclusion

While diagnostic criteria for ARN have been defined previously, these criteria were largely
based on clinical findings. PCR diagnostics have rapidly improved our ability to identify the
precise herpetic etiology of ARN and initiate prompt therapy. A number of systemic and
local antiviral therapies are available for ARN and include intravenous, oral, and intravitreal
options. The val- esters of acyclovir and ganciclvoir achieve high vitreous levels when
administered orally and have been increasingly used in clinical practice.

Although the destructive nature of the disease process may limit visual acuity outcomes and
predispose patients to RD if they are not rapidly treated, recent advances in combination
systemic and intravitreal antiviral therapy suggest therapeutic benefit. Outcome measures
including visual acuity gain, avoidance of severe visual loss, and avoidance of RD should be
measured in future clinical trials of antiviral therapy for ARN. When choosing a specific
therapeutic regimen, multiple factors including the precise herpetic viral etiology, the
immune status of the patient, concomitant medical morbidities, and response to therapy are
essential to guide the management of each patient.
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Figure 1.
Fundus photograph of left eye in a patient status post chemotherapy for metastatic prostate

carcinoma shows dense vitritis with retinal whitening and hemorrhage consistent with acute
retinal necrosis. Polymerase chain reaction of an anterior chamber aspirate was positive for
HSV DNA.
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Figure2.
Fundus photograph montage of left eye of patient with acute retinal necrosis shows that the

retina is attached under silicone oil. There is a ganciclovir implant located in the
inferotemporal quadrant and some residual areas of patchy retinal whitening.
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Figure 3.
Fundus photograph of patient with HSV-2-ARN with moderate vitreous haze (A).

Superonasally there was a patch of retinal pigment epithelial hyperpigmentation suggestive
of toxoplasmosis or HSV-2 ARN, which characteristically shows pigmented chorioretinal
scars (B). Inferonasally and nasally there are patches of confluent retinal whitening with
hemorrhages and vasculitis (C).
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