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Abstract

Purpose To examine the factors associated with anatomic
and visual outcomes in Japanese patients with acute retinal
necrosis (ARN).

Methods One hundred four patients with ARN who were
followed for more than 1 year at nine referral centers were
reviewed. Retinal involvement at initial presentation was
classified into four groups: zone 1 (posterior pole, n = 22),
zone 2 (midperiphery, n = 54), zone 3 (periphery, n = 25),
and unknown (n = 3). Forty-eight eyes underwent pro-
phylactic vitrectomy before development of retinal
detachment (vitrectomy group); 56 eyes were treated con-
ventionally without prophylactic vitrectomy (observation

group).
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Results The retina was attached in 28 of 48 eyes (58.3 %)
in the vitrectomy group and 42 of 56 eyes (75.0 %) in the
observation group at the final visit (P = 0.071). At 1 year,
56 eyes (53.8 %) had a best-corrected visual acuity
(BCVA) of 20/200 or worse. Multivariate logistic regres-
sion analyses identified zone 1 disease (odds ratio = 4.983)
and optic nerve involvement (odds ratio = 5.084) as sig-
nificantly associated with BCVA of 20/200 or worse.
Among the zone 3 eyes, significantly (P = 0.012) more
eyes in the observation group than in the vitrectomy group
had an attached retina.

Conclusions Prophylactic vitrectomy did not improve the
final BCVA in any eyes. Zone 3 eyes had better outcomes
without prophylactic vitrectomy.
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Introduction

In 1971, Urayama et al. [1] first reported acute retinal
necrosis (ARN), a devastating, potentially blinding, nec-
rotizing retinitis. ARN is diagnosed on the basis of the
clinical appearance and disease course as well as the
standard diagnostic criteria proposed by the American
Uveitis Society [2]. Because varicella zoster virus (VZV),
herpes simplex virus (HSV), and Epstein-Barr virus are
implicated in the pathogenesis of ARN [3-6], the standard
treatment for ARN is intravenous acyclovir 10 mg/kg
every 8 h or 1500 mg/m? daily for 5-10 days, followed by
oral acyclovir 800 mg five times daily for 6 weeks [7].
Furthermore, systemic treatment with corticosteroids [8]
and/or an antiplatelet agent [9] is often given empirically.
Recently, prophylactic laser retinopexy [10] or prophy-
lactic vitrectomy [11-13] before development of a retinal
detachment has been reported to reduce the incidence of
retinal detachment, which is predictive of the visual out-
come in ARN [14, 15]. However, disappointing results
have also been reported after these treatments [16, 17].
Conducting a study of treatments for ARN is difficult
because the disease is rare. Indeed, ARN was diagnosed in
only 53 of 3830 patients (1.4 %) with endogenous uveitis
referred to university hospitals in Japan over a l-year
period [18].

In this study, we retrospectively investigated 104
patients diagnosed with ARN in Japan to determine the
anatomic and visual outcomes as well as the indication for
prophylactic vitrectomy.

Patients and methods

This study was a retrospective observational case series of
104 consecutive patients who were negative for the human
immunodeficiency virus and who had been diagnosed as
having ARN at nine referral centers in Japan (Hokkaido
University, Kobe University, Kyorin University, Kyushu
University, Osaka University, the University of Tokyo,
Tokyo Medical University, Tokyo Medical and Dental
University, and Yokohama City University) between 2002
and 2008 with a minimal follow-up time of 1 year. In cases
of bilateral involvement, only the first involved eye was
included. A clinical diagnosis of ARN was based on the
standard diagnostic criteria proposed by the American
Uveitis Society [2]. The institutional review board of each
center approved the study protocol.

The patients” medical records were reviewed for age,
sex, best-corrected visual acuity (BCVA) at the initial
presentation, retinal necrotic lesions, optic nerve involve-
ment (redness and/or edema), presence of prophylactic
vitrectomy, BCVA at 1 year, retinal status at the final visit,
and duration of follow-up. Eyes without silicone oil
removal were considered to have a retinal detachment.

The sites of retinal necrosis were classified into three
groups according to the classification of cytomegalovirus
(CMV) retinopathy of Holland et al. [19]. Zone 1 was
defined as the portion of the retina in which infection was
immediately sight-threatening and corresponded to the area
3000 pm from the fovea or 1500 pm from the margins of
the optic nerve head; zone 2 extended anteriorly from zone
1 to the clinical equator; zone 3 extended anteriorly from
zone 2 to the ora serrata.

We compared the anatomic and functional outcomes of
the two groups of patients. The vitrectomy group included
patients who underwent prophylactic vitrectomy before the
development of a retinal detachment. The observation
group included patients who did not undergo prophylactic
vitrectomy.

The VA was converted to logarithm of the minimum
angle of resolution (logMAR) values for statistical analy-
sis. On the basis of a previous report [20], the following
logMAR values were assigned: counting fingers, 2.6 log-
MAR; hand motions, 2.9 logMAR; light perception, 3.1 log
MAR; no light perception, 3.4 logMAR. According to the
Standardization of Uveitis Nomenclature (SUN) criteria
[21], patients were classified as having severe visual loss at
a visual acuity of 20/200 or worse. Each variable with a
significant association (P < 0.05) was introduced into a
forward, stepwise, logistic regression model to identify the
baseline factors that were independent predictors of ARN.
The odds ratio (OR) and its 95 % confidence interval (CI)
for each possible risk factor were also calculated. When
appropriate, the Mann-Whitney and Fisher exact tests were
used to compare the differences between the groups.
Statistical analyses were performed using JMP version 8.0
for Windows (SAS Institute, Cary, NC, USA). Probability
values less than 0.05 were considered significant.

Results

A total of 106 patients with a diagnosis of ARN were
reviewed. Two patients did not meet the inclusion criteria
because they were positive for the human immunodefi-
ciency virus. One hundred four patients (61 men, 43
women) met the inclusion criteria. The median patient age
at disease onset was 55 years (51.2 &+ 15.5; range,
12-79 years). The causative virus was HSV in 18 eyes,
VZV in 84 eyes, and unknown in 2 eyes. According to the
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classification of CMV retinopathy of Holland et al. [19],
the eyes were classified as having zone 1 disease (poster-
ior) in 22 cases, zone 2 disease (midperiphery) in 54 cases,
and zone 3 disease (periphery) in 25 cases; the zone
was unknown in 3 cases because of vitreous opacity.
Optic nerve involvement was detected in 79 eyes. The
median follow-up time was 45 months (46.4 £ 23.1; range,
12-106 months).

Antiviral treatment (acyclovir or valacyclovir) was
administered in all cases. A corticosteroid was prescribed
for 95 eyes, and the initial doses of corticosteroid in
prednisolone equivalents ranged from 7.5 to 1250 mg
daily. Forty-eight eyes (46.2 %) underwent prophylactic
vitrectomy before a retinal detachment developed on
0-186 days (median, 11 days) after the initial visit (vit-
rectomy group). Fifty-six eyes (53.8 %) did not undergo a
prophylactic vitrectomy (observation group).

Development of retinal detachment in the observation
group

In the observation group, 39 of 56 eyes (69.6 %) developed a
retinal detachment during the follow-up period. The asso-
ciations of six explanatory variables with development of
RD (age, sex, causative virus, BCVA at presentation, site of
retinal necrosis, and optic nerve involvement) were indi-
vidually examined. Simple logistic regression analyses
identified male sex, severe visual loss at the initial presen-
tation, and optic nerve involvement as the factors associated
with development of RD. In addition, stepwise multivariate
logistic regression analyses identified optic nerve involve-
ment as the sole predictor of development of RD (P = 0.002;
OR, 9.481; CI12.251-50.74). Of the 41 eyes with optic nerve
inflammation at presentation, 32 (78.1 %) developed RD. In
contrast, of the 11 eyes without optic nerve inflammation at
presentation, 3 (27.3 %) developed RD.

Final retinal attachment

Retinal attachment was achieved in 70 eyes. In the vit-
rectomy group, 28 of 48 eyes (58.3 %) achieved retinal
attachment. In the observation group, 42 of 56 eyes
(75.0 %) achieved retinal attachment. In the 39 eyes that
underwent reparative surgery in the observation group, 25
(64.1 %) achieved retinal attachment. Overall, 34 eyes did
not achieve retinal attachment; they comprised 22 eyes that
did not undergo silicone oil extraction and 12 eyes that
developed a tractional retinal detachment after silicone oil
removal. The associations of seven explanatory variables
with final RD (age, sex, causative virus, BCVA at pre-
sentation, site of retinal necrosis, optic nerve involvement,
and presence of prophylactic vitrectomy) were individually
examined (Table 1). Simple logistic regression analyses
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Table 1 Univariate logistic regression analysis of potential predictors
of final retinal detachment

Odds ratio 95 % CI P value
Age 1.042 1.012-1.076  0.006
Male 0.981 0.441-2.350  0.981
VZV infection 4.923 1.286-32.44  0.018
SVL at initial presentation ~ 3.507 1.486-8.491  0.004
Zone 1 disease 2.302 0.857-6.144  0.097
Optic nerve involvement 2.207 0.730-8.247  0.168
Prophylactic vitrectomy 2.143 0.938-5.012  0.071

CI confidence interval, SVL severe visual loss, VZV varicella zoster
virus

identified older age, VZV infection, and severe visual loss
at the initial presentation as the factors associated with final
RD. In addition, stepwise multivariate logistic regression
analyses identified severe visual loss (visual acuity of
20/200 or worse) at presentation as the sole predictor of
final RD (P = 0.004; OR, 3.507; CI: 1.486-8.491).

Visual acuity at 1 year

The mean (SD) BCVA at initial presentation was
0.76 £ 0.89 (range, —0.18 to 3.4) and at 1 year was
1.06 & 1.01 (range, —0.18 to 3.4). The mean (SD) log-
MAR BCVAs at the initial presentation were 0.92 + 0.99
in the vitrectomy group and 0.64 £ 0.78 in the observation
group, which did not differ significantly (P = 0.172). The
mean BCVAs at 1 year were 1.23 £ 1.09 in the vitrectomy
group and 0.92 + 0.93 in the observation group, which
also did not differ significantly (P = 0.129). The BCVA in
23 patients gained more than three lines, remained
unchanged in 34 patients, and lost more than three lines in
47 patients. Those who lost more than three lines of vision
included 13 of the 22 patients with zone 1 disease
(59.1 %), 26 of the 54 patients with zone 2 disease
(48.1 %), 7 of the 25 patients with zone 3 disease (28.0 %),
and 3 patients in which the zone was unknown. The
associations of seven explanatory variables with severe
visual loss at 1 year (age, sex, causative virus, BCVA at
presentation, site of retinal necrosis, optic nerve involve-
ment, and presence of prophylactic vitrectomy) were
individually examined (Table 2). Simple multivariate
logistic regression analyses identified VZV infection,
severe visual loss at the initial presentation, zone 1 disease,
and optic nerve involvement as related to severe visual loss
at 1 year. In addition, stepwise multivariate logistic
regression analyses identified two baseline factors: zone 1
disease (P = 0.010; OR, 4.983; CI 1.440-23.35) and optic
nerve involvement (P = 0.005; OR, 5.084; CI 1.589-
19.93; Table 3). The BCVAs of eyes without retinal
attachment at the final visit are shown in Table 4.
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Table 2 Univariate logistic regression analysis of potential predic-
tors of severe visual loss at 1 year

Odds ratio 95 % CI P value
Age 1.012 0.987-1.038  0.354
Male 1.451 0.664-3.192  0.351
VZV infection 3.900 1.339-13.09  0.012
SVL at initial presentation  1.662 1.057-2.768  0.027
Zone 1 disease 7.741 2.400-34.82  0.0003
Optic nerve involvement 5.265 1.870-17.35  0.001
Prophylactic vitrectomy 1.400 0.645-3.068  0.395

CI confidence interval, SVL severe visual loss, VZV varicella zoster
virus

Table 3 Multivariate logistic regression analysis of potential
predictors of severe visual loss at 1 year

Odds ratio 95 % CI P value
Zone 1 disease 4.983 1.440-23.35 0.010
Optic nerve involvement 5.084 1.589-19.93 0.005

CI confidence interval

Table 4 Best-corrected visual acuity at 1 year in eyes that did not
achieve retinal attachment

Eyes with tractional retinal detachment after silicone oil removal
(n=12)
Better than 20/200
2072000 to 20/200
Hand motions

—_— = 00 N

Light perception
Eyes without silicone oil removal (n = 22)
Better than 20/200
20/2000 to 20/200
Counting fingers
Hand motions
Light perception

LW W W W O —

No light perception

Prophylactic vitrectomy and extent of retinal necrosis

The efficacy of prophylactic vitrectomy was also evaluated
on the basis of the extent of the retinal necrosis at the initial
presentation. The anatomic and visual outcomes are shown
in Table 5. Seven of 25 eyes with zone 3 ARN underwent
prophylactic vitrectomy before a retinal detachment
developed, and three of the seven eyes achieved retinal
attachment. Nine of the 18 eyes in the observation group
developed a retinal detachment, and 8 of the 9 eyes
achieved retinal attachment following surgery. Overall, 3
of 7 eyes (42.9 %) in the vitrectomy group and 17 of 18
eyes (94.4 %) in the observation group achieved retinal

attachment (P = 0.012). Zone 3 eyes had better anatomic
outcomes without prophylactic vitrectomy. The anatomic
and visual outcomes of zones 1 and 2 eyes did not differ
significantly between the vitrectomy and observation
groups.

Discussion

This is the first report on anatomic and visual outcomes of
ARN in multiple uveitis centers in Japan. The visual
prognosis of patients with ARN is generally poor and in
Japanese patients is reported to be correlated with the
presence of retinal detachment and VZV infection [14].
Simple logistic regression analyses showed that severe
visual loss at 1 year in our patients was also correlated with
VZV infection, severe visual loss at the initial presentation,
zone 1 disease, and optic nerve involvement. Prophylactic
vitrectomy was not correlated with the visual prognosis.
These results suggest that irreversible damage to the retina
and optic nerve before antiviral treatment strongly affects
the visual prognosis.

In particular, the anatomic success rate of zone 3 eyes
was better without prophylactic vitrectomy than with pro-
phylactic vitrectomy. Three of 7 eyes (42.9 %) with zone 3
ARN in the vitrectomy group and 17 of 18 eyes (94.4 %) in
the observation group achieved final retinal attachment
(P = 0.012). Ishida et al. [22] also reported that all three
eyes with zone 3 disease received only antiviral medical
therapy and did not develop a rhegmatogenous retinal
detachment. In eyes with zone 3 disease, the area of retinal
necrosis was small, and intravenous antiviral treatment
seemed sufficient to control the infection.

In the natural course of ARN, rhegmatogenous retinal
detachment was observed in approximately 75 % of the
untreated eyes [10]. RD also developed in about 70 % of
the observation group eyes of our study. We found that
eyes with optic nerve redness or edema had a risk of RD. In
eyes with optic nerve redness or edema, the retinal necrosis
extended posteriorly from the peripheral retina, suggesting
longer duration of the necrosis after the onset of symptoms
than in eyes without optic nerve redness and that this
severe damage to the retina is related to the risk of RD
development.

Previous studies have reported that prophylactic vitrec-
tomy prevented retinal detachment [13, 22]; however, at the
same time, prophylactic vitrectomy did not improve the
mean final VA [13]. The eyes in these reports were treated
from 1998 to 2006 [22] and from 1987 to 2008 [13]. Recent
advances in retinal surgeries, i.e., vitrectomy using a
high-speed vitreous cutter with intravitreal injection of tri-
amcinolone acetonide to visualize the vitreous gel and
locate vitreoretinal adhesions [23], are expected to reduce
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Table 5 Anatomic status and logMAR BCVA at 1 year based on the extent of retinal necrosis at the initial presentation

Zone RA RD

Total

Vitrectomy group (n = 48)

1 1.66 £ 1.02 (n = 4) 255+£083(n=4) 211 £ 098 (n =18)

2 0.58 £ 0.56 (n = 21) 2.03 £096 (n = 11) 1.08 £ 0.72 (n = 32)

3 0.10 £ 0.09 (n = 3) 176 £ 131 (n=4) 105+ 128 (n=17)
Zone RA without RD development RA after RD repair surgery RD Total

Observation group (n = 56)

1 0.56 £ 0.51 (n = 4) 1.13 £ 026 (n =4)
2 —001 011 (n=4) 1.10 £ 0.89 (n = 13)
3 0.11 £ 023 (n =9) 054 =042 (n=28)

2.03 £ 1.05 (n = 6)
152 £ 074 (n = 5)
1.00 (n = 1)

1.36 £ 0.96 (n = 14)
1.00 £ 0.91 (n = 22)
0.35 & 0.46 (n = 18)

The zones of one eye in the vitrectomy group and of two eyes in the observation group were unknown because of vitreous opacity

BCVA best-corrected visual acuity, RA retinal attachment, RD retinal detachment

postoperative inflammation and achieve favorable anatomic
success. Therefore, we limited our search to Japanese
patients diagnosed as having ARN after 2002 and retro-
spectively evaluated their anatomic and visual outcomes.
However, our results were similar to those of previous
reports: prophylactic vitrectomy did not improve the visual
prognosis in any eyes.

In the current study, we investigated the functional
outcomes using the prediagnostic conditions and thera-
peutic approaches as variables. As a result, zone 1 disease
and optic nerve involvement were associated with severe
visual loss at 1 year. We predicted the visual prognosis of
our patients from these factors but, unfortunately, could not
improve the visual prognosis because we could not change
those factors. The damage at the initial presentation might
have mostly affected the outcome.

As with previous studies on ARN, the present study is
limited by its relatively small sample size. The starting dose of
steroid treatment, history of laser photocoagulation, timing of
the prophylactic vitrectomy, and surgical procedures differed
among the referral centers. The retrospective data collection
may also have influenced the consistency of the available data.
Nevertheless, we collected the clinical data of 114 cases from
major referral centers in Japan, and our data described the
characteristics of this rare disease in Japanese patients.

In conclusion, the anatomic and functional success in the
treatment of ARN was determined primarily by the condition
of the retina and optic nerve at the initial presentation.
Regarding the indication for prophylactic vitrectomy, this
therapy should not be administered for zone 3 ARN. Further
studies with a larger number of patients with longer follow-
up are needed to determine the treatment of ARN.
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