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Abstract: Background: The Acute Retinal Necrosis (ARN) is an inflammatory, rapidly progressive
necrotizing retinitis and vasculitis, most frequently caused by Varicella-Zoster-Virus (VZV), followed
by Herpes-Simplex-Virus (HSV), Cytomegalovirus (CMV) and Epstein-Barr-Virus (EBV). The diag-
nosis is based on clinical signs that were first defined by the American Uveitis Society in 1994 that
include one or more foci of retinal necrosis, rapid progression without treatment, circumferential
progression, occlusive vasculopathy, and inflammatory signs of the vitreous and anterior chamber
Methods: In this retrospective analysis, we included 16 eyes of 10 patients, six patients with simul-
taneous or delayed bilateral affection, treated for ARN. Status of disease, corrected distance visual
acuity (CDVA, decimal), intraocular pressure (IOP), pathogen proof, therapy, and complications were
evaluated at diagnosis and 3 months later. Results: In nine patients, the pathogen was identified
(six VZV, two HSV, one CMV, one EBV). All patients were treated with systemic and intravitreal
virustatic agents. In nine eyes with a CDVA of 0.2 ± 0.2 at hospital admission, vitrectomy was
performed, and in seven eyes with CDVA of 0.5 ± 0.3, no vitrectomy was performed (p = 0.04). After
3 months, CDVA of the vitrectomized eyes decreased to 0.1 ± 0.1 vs. 0.4 ± 0.3 (p = 0.01) without
vitrectomy. CDVA of fellow eyes affected was 0.6 ± 0.2 at initial presentation vs. 0.2 ± 0.2 for eyes
affected first and 0.4 ± 0.3 vs. 0.1 ± 0.1 after 3 months. We observed several complications including
retinal detachment, recurrence of the disease, and bulbar hypotony. Conclusion: For fellows eyes
affected, diagnosis could be confirmed earlier, leading to a more successful treatment. The success
of vitrectomy is difficult to evaluate because vitrectomy is most frequently performed just in the
advanced stages of the disease. Early treatment with an appropriate approach is essential to avoid
loss of vision.

Keywords: acute retinal necrosis; uveitis; Varicella-Zoster-Virus

1. Introduction

Acute Retinal Necrosis (ARN) is a rare and rapidly progressive, inflammatory, vision-
threatening disease with low incidence [1] in otherwise healthy people. The American
Uveitis Society established a widely accepted definition of the disease based solely on
clinical findings [2]. ARN is usually triggered by the α herpes viruses varicella zoster
virus (VZV) and herpes simplex virus type 1 or type 2 (HSV-1, HSV-2). Cytomegalalovirus
(CMV), which is one of the β herpes viruses, plays a marginal role in the development
of ARN. The role of the Epstein-Barr virus (EBV), which is associated with the γ herpes
viruses, in the development of ARN is controversially discussed [3,4]. Combined infections
(e.g., VZV and CMV or EBV) have been reported [5]. Patients of all ages and sexes can
be affected. It is mainly described in immunocompetent patients, but exceptions are also
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known [6,7]. The disease begins unilaterally with pain and anterior uveitis. Usually there
is a strong vitreous reaction and peripheral areas of whitish retinal infiltration, which
confluence and spread to the posterior pole. Typically, there is an occlusive vasculitis, and
more rarely an opticopathy [8]. Because of the aggressive progression of this destructive
disease, an early diagnosis specific treatment as early as possible are necessary to preserve
the best possible visual acuity due to remission of the inflammation [9]. Therapy includes
parenteral antiviral therapy in the acute phase, followed by maintenance therapy to prevent
recurrence and infestation of the fellow eye. As it is well known that the fellow eyes can
also be affected in up to 75% of patients [10–12], an early antiviral treatment can have a
protective effect on the fellow eye [13]. In addition, correct and early therapy may reduce
the risk for complications such as retinal detachment [14], which occurs in up to 75% of all
cases and presents a major cause of poor visual outcomes [15]. Peripheral retinal tears can
be treated with Argon laser retinopexy under antiviral therapy. Vitrectomy with silicone oil
tamponade can result in retinal reattachment in over 90% of patients, but the prognosis in
terms of corrected distance visual acuity (CDVA) outcome is very limited.

Although a number of case studies and review articles on ARN have been published in
recent years, there are still no internationally accepted diagnostic and therapeutic guidelines.
This is primarily due to the rarity of the disease. Two national studies in the United
Kingdom found an incidence of 0.5 to 0.63 cases per million [5,16]. Most knowledge about
ARN comes from small case series [14,17]; data from controlled trials are lacking and
therefore many questions remain unanswered. Diagnostic problems can occur, especially
in the early stages, and differential diagnosis can be difficult.

As ARN presents a rare, but serious disease, we reviewed all cases of ARN treated at a
German university eye clinic between 2009 and 2019. We evaluated disease status at the
initial diagnosis and at the 3 months follow-up. We investigated whether vitrectomy was
performed and whether this had an impact on CDVA outcomes.

2. Methods

In this case series, we retrospectively reviewed patients with diagnosed and docu-
mented clinical signs of ARN over a period of 10 years (January 2009 to December 2019).
Twelve patients were identified, of whom 10 patients could be included in this analysis.
Two patients were excluded: one patient died after the first ophthalmologic visit in course
of an exacerbating acute myeloid leukemia and the other one denied treatment and did
not show up for any follow-up visit. Characteristic markers were vision loss in one or
even both eyes, moderate pain, any kind of anterior chamber or vitreous inflammation,
vasculitis, and retinitis with multilocal, mainly peripheral beginning and progressive retinal
infiltrations. Diagnosis was based on the criteria defined by the American Uveitis Society:
at least one focus of retinal necrosis, rapid progression without therapy, circumferential
spread of the disease, occlusive arteriolar vasculopathy, and inflammatory reaction in the
vitreous and anterior chamber [2]. Every diagnosis was supported by imaging, optical
coherence tomography (OCT), and fluorescein angiography (FA).

Assessed parameters included demographics, CDVA (decimal) at first presentation
and after 3 months, diagnostic findings like macular involvement, pathogen proof, therapy,
and common complications during treatment like abnormalities in terms of intraocular
pressure (IOP) or retinal detachment. We examined if any surgical treatment was necessary.
Especially intravitreal injection of antiviral medication or even more invasive procedures
such as vitrectomy were considered to be of particular interest.

Therapy was based on the recommendations in the literature [9,18]. Initial drug
treatment included weight adapted (10 mg/kg body weight) parenteral Aciclovir and
intravitreal Ganciclovir injections. Later, the therapy was switched to oral administration
and continued for several weeks or months depending on clinical findings. During hos-
pitalization, clinical course was observed by daily examination of anterior chamber and
fundi with dilated pupils.
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For sample collection from the infiltrated vitreous, either a one-port anterior vitrectomy
or even a full vitrectomy was performed. The sample was sent to the department of
virology in an insulin syringe for analysis using polymerase chain reaction (PCR). Sampling,
injection, and vitrectomy were performed in the operating room under sterile conditions.

Data are presented as means ± standard deviation. The main outcome variable was
CDVA. Tested treatment variables were antiviral intravitreal injections alone vs. antiviral
intravitreal injections after vitrectomy. We also compared the outcomes of the eye affected
first to those of the fellow eye that was affected second. Visual acuity, which was too low to
be assessed with visual acuity charts, was qualitatively graded as counting fingers, hand
motion, light perception-only, and no light perception discriminated. These informatively
missing visual acuities were imputed as graded worst ranks [19]. Statistics were performed
using SPSS version 26.0 for MAC (IBM Corp., Armonk, NY, USA).

3. Results

A total of 10 patients (five males, five females) with clinical signs of an ARN could be
included (Figure 1). Six patients (60%) showed bilateral affection (Figures 2–4). Therefore, a
total of 16 eyes could be assessed. Table 1 summarizes the obtained results. In patients with
a bilateral disease, a simultaneous onset was detected in three patients. In three patients, a
latency of 1, 2, and 31 months was noted, respectively. All eyes presented with anterior
chamber cells, vitreous cells, and retinal signs such as bleeding, vasculitis, and retinal
necrosis developing from the periphery to the center. In three eyes, a moderately elevated
intraocular pressure (IOP) was found at time of diagnosis.
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Figure 1. Findings in acute retinal necrosis with retinitis and perivascular infiltrations (arrowheads) as
well as perivascular hemorrhage, whitish fundus, and retinal edema (a). (b) Parapapillary occlusive
vasculitis, pale optic nerve disc, and peripheral retinal inflammation with secondary necrosis.
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suspected retinal branch artery occlusion and iritis treated with topical prednisolone for about 10 
days and “non improving vision”. (a) Fundus photography of the left eye. Visual acuity 0.5; con-
junctiva injected, anterior chamber cells +, Arlt’s triangle with pattern of mutton-fat keratic precipi-
tates, retina with circular whitish foci and hemorrhages, especially localized temporally. (b) The 
right eye was not affected. Treatment including vitrectomy, intravitreal ganciclovir, and air (aster-
isk) (c) followed by detection of varizella zoster virus (VZV) using polymerase chain reaction (PCR) 
and parenteral aciclovir treatment (10 mg/kg of body weight every 8 h + prednisolone and two 
ganciclovir intravitreal injections. Ten days later, retinal detachment occurred and was treated with 
vitrectomy, ganciclovir injection, and silicone oil tamponade. The retina was stable postoperatively, 
and the visual acuity was 0.2 (d). Four weeks after the onset of the ARN in the left eye, the right eye 
achieved a visual acuity of 1.0, but showed a temporal fresh necrotic focus (e, arrowhead). Immedi-
ate start with intravitreal Ganciclovir. Follow-up 10 days later with a clearly demarcated infiltrate 
(f) followed by weekly checkups and long-term treatment with 800 mg Aciclovir five times a day. 
For further details see Table 1, Patient 4. 

Figure 2. 59-year-old patient with acute retinal necrosis (ARN) in the left eye: first presentation with
suspected retinal branch artery occlusion and iritis treated with topical prednisolone for about 10 days
and “non improving vision”. (a) Fundus photography of the left eye. Visual acuity 0.5; conjunctiva
injected, anterior chamber cells +, Arlt’s triangle with pattern of mutton-fat keratic precipitates,
retina with circular whitish foci and hemorrhages, especially localized temporally. (b) The right
eye was not affected. Treatment including vitrectomy, intravitreal ganciclovir, and air (asterisk)
(c) followed by detection of varizella zoster virus (VZV) using polymerase chain reaction (PCR) and
parenteral aciclovir treatment (10 mg/kg of body weight every 8 h + prednisolone and two ganciclovir
intravitreal injections. Ten days later, retinal detachment occurred and was treated with vitrectomy,
ganciclovir injection, and silicone oil tamponade. The retina was stable postoperatively, and the
visual acuity was 0.2 (d). Four weeks after the onset of the ARN in the left eye, the right eye achieved
a visual acuity of 1.0, but showed a temporal fresh necrotic focus (e, arrowhead). Immediate start
with intravitreal Ganciclovir. Follow-up 10 days later with a clearly demarcated infiltrate (f) followed
by weekly checkups and long-term treatment with 800 mg Aciclovir five times a day. For further
details see Table 1, Patient 4.
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Figure 3. Bilateral onset of acute retinal necrosis (ARN). Right eye findings on first presentation: (a) 
Funduscopy with peripheral retinal infiltrations, (b) ischemic inner retinal layers (arrows) and 
edema in optical coherence tomography (OCT), (c) vascular leakage in fluorescein angiography (ar-
rowheads). (d–h) follow-up with resolving infiltrates, development of bleedings (d), and retinal ne-
crosis (g, arrowhead). For further details see Table 1, patient 8. 

 
Figure 4. Corresponding left eye of the patient in Figure 3 on first presentation: (a) funduscopy with 
peripheral retinal infiltrations, (b) ischemic inner retinal layers (arrows), and edema in optical co-
herence tomography (OCT), (c) vascular leakage in fluorescein angiography (arrowheads). (d–h) 
follow-up with resolving infiltrates, development of bleedings (d), and retinal necrosis (g, arrow-
head). For further details see Table 1, patient 8. 

Figure 3. Bilateral onset of acute retinal necrosis (ARN). Right eye findings on first presentation:
(a) Funduscopy with peripheral retinal infiltrations, (b) ischemic inner retinal layers (arrows) and
edema in optical coherence tomography (OCT), (c) vascular leakage in fluorescein angiography
(arrowheads). (d–h) follow-up with resolving infiltrates, development of bleedings (d), and retinal
necrosis (g), arrowhead. For further details see Table 1, patient 8.
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Figure 4. Corresponding left eye of the patient in Figure 3 on first presentation: (a) funduscopy
with peripheral retinal infiltrations, (b) ischemic inner retinal layers (arrows), and edema in opti-
cal coherence tomography (OCT), (c) vascular leakage in fluorescein angiography (arrowheads).
(d–h) follow-up with resolving infiltrates, development of bleedings (d), and retinal necrosis (g),
arrowhead. For further details see Table 1, patient 8.
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Table 1. Data of 10 patients and 16 eyes with ARN. Vitrectomy (vitr.), intravitreal injection (IVT), herpes simplex virus (HSV), varizella-zoster-virus (VZV),
Eppstein-Barr-virus (EBV), best corrected visual acuity (BCVA, Snellen chart), intraocular lens (IOL), therapy (Tx).

# Sex Age Eye BCVA at Onset Local Tx Systemic Tx Pathogen Complications Timepoint of 2nd
Involvement

BCVA after 3
Months

1 M 53
OD 0.6 vitrectomy

Aciclovir HSV
none 3 months later 0.2

OS 0.2 vitrectomy IOL luxation - 0.1

2 M 54
OD 0.5 IVT Ganciclovir

Aciclovir EBV, VZV
none 7 weeks later 0.8

OS 0.1 vitrectomy + IVT cataract surgery - 0.2

3 M 65 OS 0.063 IVT Ganciclovir Aciclovir HSV multiple retinal detachments - hand motion

4 M 59
OD 1.0 IVT Ganciclovir

Aciclovir VZV
none 1 month later 1.0

OS 0.6 vitrectomy + IVT
Ganciclovir retinal detachment - 0.2

5 M 66 OD 0.3 IVT Ganciclovir Aciclovir VZV retinal detachment - 0.2

6 F 86
OD 0.4 vitrectomy + IVT

Ganciclovir Aciclovir -

Vitreous hemorrage, vitr. Silicone
oil tamponade, endophthalmitis,

secondary glaucoma, retinal
branch occlusion

same time 0.4

OS 0.1 vitrectomy + IVT
Ganciclovir

Vitreous hemorrage, vitr. Silicone
oil tamponade - 0.5

7 F 76
OD 0.5 IVT Ganciclovir

Aciclovir CMV
none same time light perception

OS 0.1 vitrectomy + IVT
Ganciclovir Recurrence 3 months later - light perception

8 F 77
OD 0.4 IVT Aciclovir

Aciclovir VZV
none same time 0.5

OS hand motion vitrectomy + IVT
Ganciclovir retinal detachment - counting fingers

9 F 60 OS hand motion vitrectomy + IVT
Ganciclovir Aciclovir VZV retinal detachment - light perception

10 F 32 OD 0.6 IVT Ganciclovir Aciclovir VZV retinal detachment - counting fingers
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In nine patients, the pathogen was identified (six VZV, two HSV, one CMV, one EBV)
using PCR. In one patient with bilateral affection no pathogen could be identified despite
vitreous aspiration.

All patients were treated with systemic and intravitreal virustatic agents. Parenteral
Aciclovir at a dosage of 10 mg/kg of body weight was administered for at least 5 days three
times a day. Depending on the clinical signs therapy was switched to oral administration.
Intravitreal injection with Ganciclovir was performed 3.5 mm away from the limbus with
adosage of 2 mg/0.5 mL. If necessary, a paracentesis was created.

Because of the severity of the disease, vitrectomy was performed in nine eyes with
pronounced vitritis or retinal detachment. In case of a vitrectomy a gas tamponade (C2F6)
was primarily used (after reattachment of the retina in cases with retinal detachment) to
facilitate treatment with intravitreal injections in the course of the disease. Only in case
of complicated, old, or recurrent retinal detachment we decided intraoperatively to use a
silicone oil filling (Siluron 5000).The Supplementary Video (Video S1) shows intraoperative
findings during vitrectomy in a patient with severe ARN. CDVA at hospital admission was
0.2 ± 0.2 in these eyes. In the remaining seven eyes, CDVA was better (0.5 ± 0.3; p = 0.04)
and no vitrectomy was performed. These eyes were treated with at least one intravitreal
injection of Ganciclovir. Visual acuity of the six fellow eyes at hospital admission was
0.6 ± 0.2. A vitrectomy was only performed in two of these six eyes.

After 3 months, the CDVA of the vitrectomized eyes had decreased to 0.1 ± 0.1, while
the CDVA in the eyes without vitrectomy was 0.4 ± 0.3 (p = 0.01).

An affection of the fellow eye was always detected at an earlier stage of the disease
compared to the initial manifestation. CDVA at hospital admission was 0.6 ± 0.2 vs.
0.2 ± 0.2 in cases, where the fellow eye was not affected. In these bilateral cases, final
CDVA was 0.1 ± 0.1 in the first affected eye and 0.4 ± 0.3 in the fellow eye with a later
onset of the disease.

Several complications during the course of treatment were observed. One eye de-
veloped a relevant cataract and another eye an IOL dislocation. After 3 months, two
vitrectomized eyes were hypotonic (IOP < 10 mmHg). In total, 6 of 16 eyes had a retinal
detachment. Retinal detachment occurred in two of nine eyes with, and in four of seven
eyes without previous vitrectomy. Only one eye presented with a documented recurrence
after 3 months.

4. Discussion

ARN is an acute viral retinitis and an ophthalmologic emergency requiring immediate
diagnosis and treatment. In 1971, Urayama et al. described six patients with acute unilateral
retinitis, retinal arteritis, choroiditis, and later onset of retinal detachment [20]. 11 years
later, Culbertson et al. were able to attribute the etiology of this rare, until then completely
unclear, disastrous disease to an infectious genesis by electron microscopic detection of
varicella zoster viruses (VZV) in all retinal layers [21]. The disease and progression of ARN
is frequently associated with a relevant loss of vision. The often poor functional outcome is
probably primarily a consequence of the usually extensive ischemia of the retina, choroid,
and especially the optic nerve in severe cases [14,17].

Six patients (60%) showed bilateral affection, although the infection started predom-
inantly unilaterally. However, in the further course, the partner eye was affected in up
to 30–75% [1,10–13]. This was confirmed by our data. The interval to second eye disease
can be as long as 30 years [13,22]. In six cases in our cohort, the second eye was affected,
but with less severe symptoms and a milder course. Lei et al. described this phenomenon
before: [10] whenever the partner eye is affected, the diagnosis can be confirmed earlier.
Thus, a faster and more successful treatment can be achieved. This is also one of the
reasons why the success of vitrectomy cannot be fully evaluated. Vitrectomy is more often
performed when the disease has progressed and BCVA is already severely reduced.

The diagnosis of ARN can often be made clinically. ARN should be distinguished
from progressive outer retinal necrosis (PORN), which was first described in 1990 [23,24]
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and occurs in immunocompromised patients (e.g., caused by HIV). Differential diagnoses
are also CMV retinits, Toxoplasmosis, M. Behçet, and sarcoidosis. Although diagnosis of
ARN is based on clinical signs, we recommend pathogen detection in order to ascertain the
diagnosis and initiate a targeted antiviral therapy. Specific antibody analysis and detection
of the virus genome by PCR in the aqueous humor and/or vitreous have proven to be
diagnostic tools with high sensitivity and specificity [1]. In contrast, serological tests are
of little help in detecting an active viral infection. Diagnostic samples can initially be
obtained by anterior chamber tap using paracentesis, by vitreous fine needle aspiration or,
in advanced stages, with therapeutic pars plana vitrectomy. The significantly improved
possibilities of intraocular virus detection lead to a detection rate of up to 80–90% [1,25–27].
In our cohort, the pathogen was identified in nine patients (six VZV, two HSV, one CMV,
one EBV) using PCR. From a therapeutic point of view, a differentiation between HSV-1,
HSV-2, and VZV is of less importance, because the antiviral therapy does not differ in these
two pathogens. In contrast, virological and clinical differentiation of CMV retinitis from
ARN caused by the three α-herpesviruses is important, because ganciclovir is the drug of
choice in CMV infections [4].

Once ARN is diagnosed, antiviral therapy should be started immediately to prevent
disease progression and prophylactic long-term therapy should be considered, ideally
using valaciclovir due to its better bioavailability. In our cohort, we used the antiviral
drugs recommended in literature [9,18]. However, the ideal antiviral therapeutic regime for
treatment of ARN remains unclear. All our patients were initially treated with intravenous
aciclovir followed by oral therapy. Newer antiviral agents such as valaciclovir or famciclovir
have a higher bioavailability when administered orally; therefore, new treatment algorithms
using solely oral virustatic agents have been adopted in the last decades [5,28,29]. This
approach permits to avoid hospital admission. Randomized controlled clinical trials
examining the effectiveness are still lacking, however. Permanent virustatic therapy as
well as the use of systemic and topic corticosteroids and systemic antiplatelet agents is
controversially discussed [5,14,30,31].

Recurrent retinal detachment is a frequent complication of ARN. Kopplin et al. found
that 75% of patients suffer from retinal detachment in the course of the disease requiring
surgery [32]. Dave et al. [33] found a rate of recurrent retinal detachment of 18.75% up
to 59.09% depending on the severity of the disease at initial presentation [33]. In our
study, only one patient had recurrent retinal detachment in one eye (6.25% of eyes). This
difference might be related to the smaller sample size in our study. Lau et al. reported
the possibility of prophylactic laser retinopexy to prevent retinal detachment [14]. Despite
surgical intervention with pars-plana-vitrectomy, visual results can be limited in those cases.

In summary, despite all advances in drug and surgical therapy, ARN remains a
serious and often life-altering disease. Parenteral antiviral therapy supplemented by
intravitreal injections are of utmost therapeutic importance. The fastest possible diagnosis
and immediate initiation of therapy are crucial. Special attention should be paid to sufficient
antiviral drug levels during the first weeks of the disease. Furthermore, life-long therapy to
protect the fellow eye is controversially discussed. Vitreoretinal surgery can reattach the
retina in a high percentage but cannot restore the visual loss caused by ARN.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/diagnostics12020386/s1. Video S1: Intraoperative findings during
vitrectomy in a patient with severe ARN.
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