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Objectives: To compare outcomes from patients with acute retinal necrosis (ARN) treated in the acyclovir-
only era with those treated in the era of newer antiviral therapies, identify variables affecting outcomes in ARN,
and evaluate strategies for fellow eye prophylaxis.

Design: Multicenter, nonrandomized, retrospective, interventional series.

Participants: A cohort of 58 patients diagnosed with ARN by a retina specialist at 1 of 4 referral centers
between 1981 and 2008. The cohort was divided into 2 subgroups: patients treated during the acyclovir-only era
(n = 36) and patients treated during the current era of newer antiviral medications (n = 22).

Intervention: Intravenous, oral, or intravitreal antiviral medications, including acyclovir, valacyclovir, famci-
clovir, valganciclovir, ganciclovir, and foscarnet; prophylactic laser retinopexy; aspirin; oral steroids.

Main Outcome Measures: Visual acuity, retinal detachment, and fellow eye involvement.

Results: A wide range and combination of antiviral agents are currently used for initial and long-term
treatment of ARN. Outcomes from the newer antivirals era were similar to those achieved during the acyclovir-
only era. In both groups, the incidence of 20/200 or worse visual acuity was 24% per person-year (P = 0.91). The
prevalence of retinal detachment was approximately 50% in each group (P = 0.59). No variables, including
prophylactic laser retinopexy, were associated with risk of retinal detachment. Two patients (3.4%) developed
ARN in the initially unaffected eye.

Conclusions: Current treatment trends vary widely, including single agents or combinations of oral, intravenous,
and intravitreal agents. Differing strategies did not affect outcomes. The final visual acuity in ARN was generally poor.
Retinal detachment was common and could neither be predicted nor prevented. Development of ARN in the
unaffected fellow eye occurred rarely. Long-term oral antiviral treatment strategies varied with unclear relative efficacy.
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Acute retinal necrosis (ARN) syndrome is an infectious
retinitis caused by members of the herpes virus family (Fig 1).!
It is defined by the American Uveitis Society by its clinical
characteristics and disease course, not by the causative
agent or patient immune status. Diagnostic criteria include
(1) one or more discrete foci of peripheral retinal necrosis,
(2) circumferential spread, (3) occlusive arteriolar retinop-
athy, (4) a prominent vitreous or anterior chamber inflam-
matory reaction, and (5) rapid disease progression in the
absence of therapy.

Acyclovir has been used to treat ARN for more than 2
decades.* In 1991, Palay and colleagues’ reported that treat-
ment of ARN with intravenous and then oral acyclovir
decreased the risk of fellow eye involvement. They retro-
spectively compared patients treated with and without acy-
clovir; 12.9% of patients developed fellow eye involvement
during a median follow-up of 12 months, compared with a
69.6% rate in historical untreated controls. The risk of
fellow eye involvement was greatest in the first 14 weeks
after diagnosis. The authors recommended oral acyclovir
(800 mg 5 times daily) for 14 weeks after initial treatment
with intravenously administered acyclovir (500 mg/m? in-
travenously administered 3 times daily) for 7 to 10 days.

Currently, some clinicians are initiating treatment for
ARN with newer antiviral agents including oral famciclovir
(Famvir; Novartis Pharmaceuticals, Basel, Switzerland) and
valacyclovir (Valtrex; GlaxoSmithKline, Research Triangle
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Park, NC), which have greater bioavailability and central
nervous system penetration.®~!? These agents were approved
for use by the U.S. Food and Drug Administration in 1994 and
1995, respectively, and have been used for both initial and
long-term treatment for ARN.'>!# In addition, intravitreal in-
jections of foscarnet (1.2-2.4 mg per 0.1 ml) and ganciclovir
(2002000 pg per 0.1 ml) have been used for adjunctive
therapy.!>1® Despite these advances, the optimal antiviral
choice, route(s) of administration and course for initial treat-
ment, and long-term prophylaxis have not been defined. Ques-
tions also remain regarding the use of prophylactic laser reti-
nopexy, antiplatelet agents, and steroids.!” 2!

Given the rare occurrence of ARN, most studies have
been hampered by a modest number of cases, sometimes
yielding conflicting conclusions. With this in mind, we
collected a large database of patients from 4 institutions
spanning over 25 years. In this retrospective cohort study,
our aims were to identify variables affecting outcomes in
ARN, compare current treatment strategies with past eras,
and evaluate fellow eye prophylaxis.

Patients and Methods

The authors retrospectively reviewed records of patients with ARN
at 4 ophthalmic referral centers: Ophthalmic Consultants of Bos-
ton, Boston, Massachusetts; Massachusetts Eye and Ear Infirmary,
Boston, Massachusetts; Wills Eye Institute, Philadelphia, Pennsyl-

ISSN 0161-6420/10/$-see front matter
doi:10.1016/j.ophtha.2009.09.001



Tibbetts et al + Treatment of Acute Retinal Necrosis

Figure 1. Color fundus montage of ARN revealing vitritis, vasculitis,
retinitis, and optic nerve involvement. ARN = acute retinal necrosis.

vania; and Tufts New England Medical Center, Boston, Massa-
chusetts. Charts of patients with ARN were located using Interna-
tional Classification of Diseases, 9th Revision codes. A total of 58
unilateral ARN cases with a minimum follow-up time of 6 months
were identified between 1981 and 2008. The diagnosis of ARN
was established using criteria established by the American Uveitis
Society. Before the publication of the American Uveitis Society
guidelines in 1994, inclusion criteria consisted of clinical criteria,
including a rapidly progressive necrotizing retinitis, and prominent
intraocular inflammation, including vitritis and vasculitis. Exclu-
sion criteria included follow-up less than 6 months and bilateral
ARN before initiation of treatment.

Medical records were reviewed to collect the following data:
date, age, sex, medical history, ocular history, visual acuity, pres-
ence of vitritis, optic nerve edema or pallor, retinal detachment,
prophylactic laser retinopexy, surgical repair of retinal detach-
ment, antiviral therapy (type, dose, and duration), aspirin use, oral
corticosteroid use, presence of fellow eye involvement, and dura-
tion of follow-up. Three researchers (MDT, CPS, JIM) were re-
sponsible for data extraction and tabulation. Institutional review
board approval was obtained from each participating institution.

Statistical analyses were performed using Excel (Microsoft,
Redmond, WA) and Stata 9 (StataCorp, College Station, TX) with
visual acuity data converted to the logarithm of the minimum angle
of resolution (logMAR). The following conversion to logMAR
was used for vision worse than 20/400: counting fingers = 1.6,
hand movements = 2.0, light perception = 2.5, and no light
perception = 3.0.>>~2* Light perception has assigned a logMAR
value of 2.3 (“intact light perception,” Retina paper), 2.5 (Arroyo),
and 2.7 (“defect light perception,” Retina paper); we assigned a
logMAR value of 2.5 for light perception because it was the
median value. Paired and unpaired Student ¢ tests were used to
compare mean logMAR vision, where appropriate. Because of
variable follow-up times, an interval comparison at 6 months was
performed for visual acuity. Furthermore, relevant incidence rates
were reported, calculated by dividing the number of events by
person-time.>> A 2-sample test of proportion was used to compare
proportions between groups.

Logistic regression analysis examined risk factors for retinal
detachment and fellow eye involvement, whereas linear regression

analysis examined risk factors for final visual acuity. Each variable
was first evaluated using univariate regression. P values of less
than 0.10 were included in the multivariate regression. Variables
tested included the year of diagnosis, age, sex, immunocompro-
mised state, antiviral agent, route of antiviral administration, du-
ration of oral antiviral treatment, number of days between symp-
tom onset and antiviral initiation, initial vision in the affected eye,
initial vision in the fellow eye, optic nerve involvement, aspirin
use, oral corticosteroid use, prophylactic laser retinopexy, and
duration of follow-up.

Kaplan—Meier survival analysis was performed using Stata 9. A
log-rank test was used to compare variables. For the visual acuity
analysis, a failure was defined as 20/200 vision or worse. For cases
never achieving better than 20/200 vision from presentation, a
failure time of 0.1 years was used so that these cases could be
included in the analysis and graph. For the retinal detachment
analysis, a failure was defined as the development of a retinal
detachment.

Results

A total of 58 patients with unilateral ARN were identified. The
acyclovir-only era subgroup contained 36 cases, whereas the newer
antiviral era subgroup contained 22 cases (Table 1). The total
cohort was divided into 2 subgroups to compare past and current
treatment modalities. The first subgroup, herein called the “acyclovir-
only era” subgroup, comprised patients treated during a time when
acyclovir was the only available antiviral treatment. The second
cohort, herein called the “newer antiviral era” subgroup, com-
prised patients treated during the era of new antivirals such as
valacyclovir and famciclovir. Although these medications were
Food and Drug Administration approved in 1995 and 1994, re-
spectively, they were not used in any of our cases until after 1998.
Moreover, the first use of famciclovir to treat ARN was reported in
1997.7 Thus, the acyclovir-only subgroup contained cases from
1981 to 1997, whereas the newer antiviral era subgroup contained
cases from 1998 to 2008.

The patients during the acyclovir-only era were treated initially
with intravenous acyclovir (500 mg/m?” 3 times per day) for a
period of 7 to 10 days. Half of the patients (18/36) were further
treated with oral acyclovir 800 mg 5 times per day for at least 6
weeks, whereas the other half were not treated with oral acyclovir.
The decision of whether or not to treat with oral acyclovir was
dependent on the particular practice pattern of the treating physi-
cian and was not influenced by the severity of the disease.

Table 1. Summary of Patients with Acute Retinal Necrosis

Acyclovir-only Newer P

Total Era Antiviral Era Value

No. of patients with 58 36 22

unilateral ARN
Average age, yrs 48 44 54 0.042
Female 55% (32) 56% (20) 55% (12) 0.940
Male 45% (26) 44% (16) 45% (10)
Mean duration of 34.5 378 29.1 0.310

follow-up (mos)
Median duration of 23.9 24.0 21.5

follow-up (mos)
Follow-up >1 yr 81% (47) 89% (32) 65% (15)  0.051
Immunosuppressed®  19% (11) 17% (6) 23% (5) 0.568

ARN = acute retinal necrosis.
*Immunosuppression by iatrogenic cause or systemic disease.
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The “newer antiviral era” patients were all treated with sys-
temic antiviral agents, including intravenous acyclovir, intravitreal
antiviral injections, oral antiviral therapy, or some combination
thereof. Six different treatment regimens were used for initial
treatment (Table 2). Systemic corticosteroids (initial dose of
30-80 mg daily) were initiated in 77% of patients (17/22) and
typically tapered over 2 to 6 weeks. All eyes received topical
steroids (prednisolone acetate 1% every 1-6 hours) during the
initial treatment period. Fifty-nine percent of patients (12/22) in
the newer antiviral group underwent pars plana vitrectomy for
diagnostic sampling, vitreous hemorrhage, or retinal detachment.
Of eyes in the newer antiviral group, 41% (9/22) were given a viral
diagnosis either by polymerase chain reaction or by correlation
with recent skin infection or encephalitis; 44% (4/9) were herpes
simplex virus and 56% (5/9) were varicella zoster virus.

Visual Acuity

Visual acuity in eyes affected with ARN significantly worsened in
both the acyclovir-only era patients and the newer antiviral era
patients. Kaplan—Meier analysis was used to assess the progression
to 20/200 or worse visual acuity (n = 58). Half of all patients had
20/200 or worse vision by 3 months, and 75% had 20/200 or worse
vision by 5 years (Fig 2). Kaplan—Meier analysis was stratified by
the acyclovir-only era and the newer antiviral era. There was no
difference in risk of 20/200 or worse visual acuity in either era (P =
0.51, log-rank test) (Fig 3). The rate of visual loss to 20/200 or
worse was nearly identical in both eras, measuring 24% per person-
year (P = 0.91).

Because of variable follow-up between cases, an interval anal-
ysis was performed at 6 months to compare visual acuity between
the newer antiviral era and the acyclovir-only era. The mean
logMAR vision at 6 months was significantly better in the newer
antiviral era compared with the acyclovir-only era (1.24 [20/345])
vs. 1.74 [20/1093], P = 0.042, difference of —0.50, 95% confi-
dence interval [CI], —0.98 to —0.020, unpaired Student ¢ test,
unequal variance).

Visual acuity worsened in both treatment eras at 6 months.
Six-month visual acuity was available for all 22 patients in the
newer antiviral era. The mean initial logMAR vision was 0.946
(20/177), decreasing to 1.24 (20/345) at 6 months (P = 0.10,
paired ¢ test). Six-month visual acuity was available for 25 patients
in the acyclovir-only era. The mean initial logMAR vision for
these 25 patients was 1.24 (20/351), decreasing to 1.74 (20/1093)

Table 2. Initial Antiviral Treatment in Newer Antiviral Era

n=22 %
IV acyclovir only (range 140-1000 mg 3 X daily) 9 41%
Oral antiviral medication only (acyclovir 800 mg 5% 3 14%
daily or valacyclovir 1-2 g 3X daily)
IV acyclovir and intravitreal injection (foscarnet or 5 23%
ganciclovir)*
Oral antiviral medication (valacyclovir or famciclovir) 2 9%
followed by IV acyclovir
Oral medication and intravitreal injection (foscarnet or 2 9%
ganciclovir)*
IV acyclovir, oral medication, and intravitreal injection 1 5%
Total who received IV acyclovir 17 77%
Intravitreal injections alone or with other therapy 8 36%

IV = intravenous.
*Foscarnet dose range 1.2-2.4 mg in 0.1 ml, ganciclovir dose range
200-400 pg in 0.1 mL.
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Figure 2. Kaplan-Meier survival estimate of the proportion of cases with
=20/200 visual acuity.

at 6 months (P = 0.0015, paired ¢ test). Although patients in the
newer antiviral era were diagnosed with ARN at better initial
visual acuities than cases during the acyclovir-only era, this dif-
ference was not statistically significant (0.946 vs. 1.14,n = 58, P =
0.37, unpaired Student # test).

Risk factors for worse final visual acuity include initial visual
acuity (odds ratio [OR] = 1.57, P = 0.002) and retinal detachment
(OR = 2.13, P = 0.001, multivariate linear regression). Earlier
year of diagnosis was associated with worse final visual acuity,
although this was of borderline statistical significance in the re-
gression model (OR = 0.97, P = 0.064). Aspirin use was associ-
ated with better final visual acuity in univariate linear regression
(OR = 0.56, P = 0.055) but became nonsignificant in the multi-
variate model. Initial intravenous antiviral treatment (OR = 1.23,
P = 0.64), initial intravitreal antiviral treatment (OR = 0.88, P =
0.73), days between symptoms and treatment (OR = 1.01, P =
0.71), duration of oral antiviral treatment (OR = 1.00, P = 0.72),
oral steroid use (OR = 0.98, P = 0.94), prophylactic laser therapy
(OR = 0.85, P = 0.55), optic nerve involvement (OR = 1.28, P =

Kaplan Meier survival estimate, by era
Va 20/200 or worse (n = 58)

0.75

0.50

0.25

0.00

N -

4
analysis time (years)

- — = - -newer antivirals ————acylovir-only

Figure 3. Kaplan-Meier survival estimate of the proportion of cases with
=20/200 visual acuity, stratified by era. There is no difference in risk of
=20/200 visual acuity in either the current antiviral era or the acyclovir-
only era (P = 0.51, log-rank test).
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Kaplan Meier survival estimate, by prophylactic laser
retinal detachment (n = 25)
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Figure 4. Kaplan—Meier survival estimate of the proportion of cases
developing retinal detachment, stratified by prophylactic laser retinopexy.
There is no difference in risk of retinal detachment based on prophylactic
laser (P = 0.59, log-rank test).

0.34), and immunocompromised state (OR = 1.01, P = 0.97) did
not affect final visual acuity.

Retinal Detachment

Half (29/58, 50%) of patients developed retinal detachment with a
similar prevalence between the newer antiviral era and acyclovir-
only eras (55% vs. 47%, respectively, P = 0.59). Because of
variable follow-up, we calculated retinal detachment incidence
rates. The rate for the newer antiviral era was 23% per person-year,
compared with 15% per person-year in the acyclovir-only era (P =
0.22). The overall rate was 17% per person-year. One caveat is that
the shorter follow-up for the newer antiviral treatment group may
skew these incidence rates. All detachments occurred within 6
months, our minimum follow-up time; there were no retinal de-
tachments reported beyond 5.4 months. Retinal detachment oc-
curred a median of 53 days after initial presentation (mean 74 days
with a range of 28—-165 days) in 16 patients with known dates of
detachment.

The entire cohort of 58 unilateral ARN patients was analyzed to
determine risk factors for retinal detachment. No variables pre-
dicted risk of retinal detachment, including prophylactic laser
retinopexy (OR = 1.60; P = 0.40; 95% CI, 0.53—4.85), initial
intravenous antiviral treatment (OR = 2.16, P = 0.40), initial
intravitreal antiviral treatment (OR = 1.00, P = 1.00), days from
symptoms onset to treatment (OR = 1.01, P = 0.91), duration of
oral antiviral treatment (OR = 1.03, P = 0.287), initial visual
acuity (OR = 0.97, P = 0.92), oral steroid use (OR = 1.16, P =
0.79), and aspirin use (OR = 1.00, P = 1.00).

Prophylactic laser retinopexy did not affect the risk of retinal
detachment. Prophylactic laser retinopexy was used in 33% of
patients (19/58) during their treatment course, at the judgment
of the treating physician. Retinal detachment occurred in 58% of
patients (11/19) who received prophylactic laser treatment and
46% of patients (18/39) who did not receive prophylactic laser
treatment (P = 0.40). The difference between prevalence rates was
12% with a 95% CI of —15% to 39%. The incidence of retinal
detachment was 19.3% per person-year among those receiving
prophylactic laser treatment, and 16.4% per person-year among
those who did not receive prophylactic laser treatment (P = 0.64).

Kaplan—Meier analysis was used to assess the risk of develop-
ing retinal detachment. Time data were available for 25 patients,

16 of whom developed retinal detachment. Half of these patients
developed a retinal detachment by 3.7 months. Kaplan—Meier
analysis was stratified by cases receiving and not receiving pro-
phylactic laser retinopexy; there was no difference in the risk of
retinal detachment (P = 0.59, log-rank test) (Fig 4).

Prophylactic laser did not affect visual acuity outcomes. Pa-
tients treated with prophylactic laser retinopexy had significantly
better visual acuity at presentation and time of treatment. The
average initial vision was 20/95 in the prophylactic laser treatment
group compared with 20/360 in the untreated group (P = 0.003).
Laser retinopexy did not affect the risk of visual acuity decreasing
to 20/200 or worse. Final visual acuity was worse than 20/200 in
72% of those not receiving laser retinopexy and 63% of those
receiving laser retinopexy (P = 0.50, 2-sample test of proportion).
Because of variable follow-up, incidence rates were calculated.
The incidence rate of 20/200 or worse visual acuity in the prophy-
lactic laser retinopexy group was 21% per person-year, compared
with 25% per person-year among those who did not receive laser
retinopexy (P = 0.53).

Fellow Eye Prophylaxis

In the newer antiviral era subgroup, treating ophthalmologists used 4
different oral antiviral medications with a wide range of dosages and
durations for long-term ARN treatment and fellow eye prophylaxis
(Table 3). Valacyclovir was the most common antiviral prescribed
(12/22, 55%). Duration of long-term antiviral therapy varied widely
ranging from 1.5 to 75.7 months, with a median of 9.6 months and
mean of 19.1 months. Oral antiviral regimens were tapered in 52% of
cases (9/22) during the follow-up course. Of patients at the last
recorded visit, 48% (10/22) were still taking antiviral medication,
33% (7/22) had antiviral medication discontinued by ordering pro-
vider, and 19% (4/22) were lost to follow-up.

Fellow Eye Involvement

Two of 58 patients (3.4%) developed ARN in the unaffected eye
after initial antiviral treatment. The first patient was treated ini-
tially with intravenously administered acyclovir and then pre-
scribed extended therapy with valacyclovir. This patient missed
several days of medication (valacyclovir 500 mg twice daily)
before the onset of symptoms in the fellow eye at 37 months. After
diagnosis of the fellow eye involvement, the patient was treated
with intravenous acyclovir (800 mg every 8 hours for 14 days) and
then maintained on oral antiviral treatment with famciclovir (Fam-
vir) 500 mg twice daily with excellent vision (20/16) at final
follow-up 29 months later; no retinal detachment occurred. The
second patient was treated initially with oral valacyclovir (2000

Table 3. Long-term Oral Antiviral Treatment/Prophylaxis
Regimens in Newer Antiviral Era

Mean Median
N =22 % (mos) (mos)

Valacyclovir (Valtrex; GlaxoSmithKline, 12 57% 26.6 16.2
Research Triangle Park, NC) (1000
mg daily to 1000 mg 3X daily)
Acyclovir (400-800 mg 5X daily) 5 23% 3.3 3.5
Famciclovir (Famvir; Novartis 3 14% 174 21.8
Pharmaceuticals, Basel, Switzerland)
(250-500 mg 2% daily)
Valganciclovir (Valeyte; Roche 2 9% 6.0 6.0
Laboratories, Indianapolis, IN) (450—
900 mg 2X daily)

Initial Oral Antiviral Medication
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mg 3 times daily), which was then tapered over 4 months to a
lower dose (valacyclovir 500 mg 3 times daily). Vision in the
fellow eye decreased to 20/200 at time of involvement 8§ months
after initial presentation. The dose of valacyclovir was increased to
1000 mg 3 times with disease control and vision returning to
20/32.

Logistic regression analysis of the 58 patients with unilateral
ARN did not associate any variables with risk of fellow eye
involvement, including year (OR = 1.23, P = 0.22), age (OR =
0.98, P = 0.56), initial visual acuity in the affected eye (OR =
2.30, P = 0.35), initial intravenous antiviral treatment (OR = 0.10,
P = 0.12), initial oral antiviral (OR = 6.0, P = 0.22), oral steroid
use (OR = 0.56, P = 0.68), duration of oral treatment (1.04, P =
0.19), duration of follow-up (OR = 1.00, P = 0.90), or days
between symptoms and antiviral treatment (OR = 0.96, P = 0.67).
A 2-sample test of proportion showed a borderline higher rate of
fellow eye involvement during the newer antiviral era compared
with the acyclovir-only era (P = 0.066).

Discussion

The traditional treatment paradigm for ARN since the 1980s
has been induction therapy with intravenous acyclovir (500
mg/m? 3 times per day) for 7 to 10 days followed by oral
antiviral medications for approximately 14 weeks.> Newer
antiviral treatment strategies, including intravitreal and oral
regimens, have emerged over the past decade to challenge
the traditional acyclovir-only paradigm. Agents such as
valacyclovir afford excellent bioavailability and intraocular
penetration with more convenient dosing schedules than
oral acyclovir.!!2¢

Our analysis of current treatment practices at 4 tertiary
eye care centers identified no single treatment strategy as
the standard of care for ARN (Table 2). Initial treatment
strategies included intravenous acyclovir, intravenous acy-
clovir with intravitreal antivirals, oral antiviral with intrav-
itreal antivirals, and oral antivirals alone. The majority
underwent induction with intravenous acyclovir (17/22,
77%). More than one third of patients received intravitreal
foscarnet or ganciclovir (8/22, 36%), with all injections
performed since 2005. A small percentage of patients (3/22,
14%) were treated with oral antiviral therapy alone (2 with
valacyclovir, 1 with acyclovir). Initial antiviral strategy did
not affect final visual outcome, suggesting that the treating
ophthalmologist may use his or her own judgment on the
basis of available resources.

Our study also revealed significant variation in long-term
oral antiviral treatment strategies prescribed to prevent re-
currence and fellow eye involvement (Table 3). Treatment
duration varied greatly, ranging from 1.5 to 75.7 months.
Most patients were maintained on valacyclovir (1000 mg
daily to 1000 mg 3 times daily). Other regimens included
acyclovir (400—800 mg 5 times daily), famciclovir (250—
500 mg twice daily), and valganciclovir (450-900 mg twice
daily). The ideal duration and relative efficacy of these
long-term oral antiviral regimens remain unclear.

The visual outcome after ARN was generally poor
(Fig 2) and worsened from presentation in both the acyclovir-
only and newer antiviral eras. There was no difference in
visual acuity outcome between the 2 eras (Fig 3), leading to
the sobering conclusion that outcomes have not improved

1,2,20
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since the approval of acyclovir in 1982.'% Neither aspirin,
thought to treat platelet hyperaggregation, nor oral steroids,
often prescribed to treat vitritis, affected visual outcomes.
Poorer initial visual acuity and the development of a retinal
detachment each predicted worse final visual acuity. One
promising finding is that initial visual acuity was better
during the newer antiviral era, suggesting more timely clin-
ical recognition and diagnosis of ARN. Further, the devel-
opment of polymerase chain reaction-based detection meth-
ods from anterior chamber taps permits a definitive viral
diagnosis and may hasten earlier antiviral therapy.?’ The
lack of difference between the 2 eras suggests that ARN can
be managed by a myriad of outpatient treatment strategies
with similar visual outcomes as intravenous acyclovir. Of
note, however, is that our comparison of the newer antiviral
era and acyclovir-only era is tempered by the retrospective
design of the study. Factors other than the prescribed anti-
virals, such as diagnostic criteria and protocols for deter-
mining vision, may have been inconsistent between eras.

No variables predicted or prevented the risk of retinal
detachment. Prevalence rates were similar in both the newer
antiviral and acyclovir-only eras. As in other studies,?%-?
50% of patients developed retinal detachment. The median
time of retinal detachment was 53 days after presentation,
ranging from 28 to 165 days.

There is considerable debate regarding the benefit of
prophylactic laser retinopexy; some studies claim a bene-
fit'8-202% and others suggest that retinal detachment rates
remain unchanged.?! In our report, prophylactic laser reti-
nopexy affected neither the risk of retinal detachment (Fig 4)
nor the visual acuity outcomes. Patients receiving prophy-
lactic laser must have limited vitritis to allow adequate
visualization of the retina. To strengthen our finding, we
report that patients receiving prophylactic laser treatment
had significantly better initial visual acuity—and likely less
vitritis—than those who did not receive laser treatment.
Thus, because vitritis can predispose one to retinal tears,
patients selected for prophylactic laser should be at signif-
icantly lower risk of rhegmatogenous retinal detachment.
Our finding argues against the utility of prophylactic laser
retinopexy. However, despite this selection bias and our
relatively large sample of 58 cases, our results must be
tempered by the wide ClIs. Although prophylactic laser
retinopexy increased the odds of retinal detachment by
logistic regression (OR = 1.6), the 95% CI was 0.53 to 4.85.
Similarly, the prevalence rate of retinal detachment was
higher in those receiving prophylactic laser treatments
(58%) versus those who did not receive prophylactic laser
treatment (46%), but a 2-sample test of proportion revealed
a wide 95% CI around the difference of 12% (—15% to
39%). Therefore, we cannot exclude the possibility that
prophylactic laser may provide a small benefit if evaluated
in a larger cohort.

The rate of fellow eye involvement in unilateral ARN
decreased dramatically after the advent of acyclovir. Palay et
al® reported that acyclovir decreased the risk of fellow eye
involvement from 75.3% to 35.1% at 2 years after initial onset,
putatively by suppressing viral spread during the first few
weeks of therapy. A more recent study reported a fellow eye
involvement rate of 13.6%,'® with a mean follow-up of 4 years
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(range of 1.0—12.2 years). We report a very low rate of fellow
eye involvement (3.4%) with a median follow-up of 24
months. It remains unclear why our rate is lower than that that
of other published reports, particularly our rate during the
acyclovir-only era (0/36 cases). Our low rate may be due to
selection bias, because we excluded patients with bilateral
ARN and potentially selected those subjects with timely diag-
nosis and initiation of treatment. Alternatively, our low rate
could be due to chance. Fellow eye involvement can occur
decades later, so our final rate remains to be determined.3%3!

We did not identify any risk factors for fellow eye involve-
ment. One patient, initially treated with intravenous acyclovir,
developed fellow eye involvement at 37 months after running
out of oral valacyclovir, suggesting adequate viral suppression
by valacyclovir. The other patient, initially treated with high-
dose oral valacyclovir, developed fellow eye involvement on a
lower dose 8 months later. Both patients responded well to
more aggressive antiviral therapies.

Although our study has offered additional data on the treat-
ment of ARN, we cannot definitively recommend a superior
treatment strategy. Normally, such a recommendation would
require a randomized control trial, but this remains infeasible
with a disease as rare as ARN. To illustrate, it would require
268 patients with ARN to detect a 50% versus 30% difference
in retinal detachment rates with and without prophylactic laser
retinopexy (power 90%, alpha 0.05, 2-sided test). Detecting a
3.4% rate of fellow eye involvement versus a 6.8% rate would
require 1872 patients with unilateral ARN. With 100% enroll-
ment, it would take our 4 institutions more than 500 years to
amass this sample. As such, we recommend that future studies,
which we expect to be retrospective in nature, report incidence
rates of important outcome measures including visual acuity
worse than 20/200 and retinal detachment with and without
prophylactic laser retinopexy. These incidence rates can be
combined ultimately in a meta-analysis. Further, in the setting
of variable follow-up, we encourage interval analyses and
Kaplan—Meier estimates, rather than final visual acuity
outcomes.?>

In conclusion, we reported a wide range of current treat-
ment strategies for ARN, all associated with similar out-
comes. There were no differences in outcome between the
newer antiviral era and the acyclovir-only era. Our study
confirmed that visual outcomes in patients with ARN were
generally poor, and our results did not support one optimal
strategy. Initial visual acuity and development of a retinal
detachment predicted visual prognosis. Prophylactic laser
retinopexy did not prevent retinal detachment in ARN.
Perhaps several different strategies yield similar results;
identifying more subtle differences in outcome will require
an even larger cohort or meta-analysis of this rare disease.
Our rate of fellow eye involvement was low. We did not
identify any risk factors for fellow eye involvement, an
analysis limited by the small number of affected cases.

References

1. Chang S, Young LH. Acute retinal necrosis: an overview. Int
Ophthalmol Clin 2007;47:145-54.

2. Duker JS, Blumenkranz MS. Diagnosis and management of
the acute retinal necrosis (ARN) syndrome. Surv Ophthalmol
1991;35:327-43.

3. Holland GN. Standard diagnostic criteria for the acute retinal
necrosis syndrome. Executive Committee of the American
Uveitis Society. Am J Ophthalmol 1994;117:663-7.

4. Blumenkranz MS, Culbertson WW, Clarkson JG, Dix R.
Treatment of the acute retinal necrosis syndrome with intra-
venous acyclovir. Ophthalmology 1986;93:296-300.

5. Palay DA, Sternberg P, Jr., Davis J, et al. Decrease in the risk
of bilateral acute retinal necrosis by acyclovir therapy. Am J
Ophthalmol 1991;112:250-5.

6. Aizman A, Johnson MW, Elner SG. Treatment of acute retinal
necrosis syndrome with oral antiviral medications. Ophthal-
mology 2007;114:307-12.

7. Aslanides IM, De Souza S, Wong DT, et al. Oral valacyclovir in the
treatment of acute retinal necrosis syndrome. Retina 2002;22:352—4.

8. Emerson GG, Smith JR, Wilson DJ, et al. Primary treatment of
acute retinal necrosis with oral antiviral therapy. Ophthalmol-
ogy 2006;113:2259-61.

9. Figueroa MS, Garabito I, Gutierrez C, Fortun J. Famciclovir
for the treatment of acute retinal necrosis (ARN) syndrome.
Am J Ophthalmol 1997;123:255-7.

10. Garner HR, Latkany P. Oral drugs for viral retinitis. Ophthal-
mology 2007;114:2368.

11. Huynh TH, Johnson MW, Comer GM, Fish DN. Vitreous
penetration of orally administered valacyclovir. Am J Oph-
thalmol 2008;145:682—6.

12. Savant V, Saeed T, Denniston A, Murray PI. Oral valganci-
clovir treatment of varicella zoster virus acute retinal necrosis.
Eye 2004;18:544-5.

13. U.S. Food and Drug Administration. Orange Book: App-
roved Drug Products with Therapeutic Equivalence Evalua-
tion. Available at: http://www.accessdata.fda.gov/scripts/cder/
ob/docs/obdetail.cfm?Appl_No=020363&TABLE1=0B_Rx.
Accessed August 29, 2009.

14. U.S. Food and Drug Administration. Orange Book: App-
roved Drug Products with Therapeutic Equivalence Evalua-
tions. Available at: http://www.accessdata.fda.gov/scripts/cder/
ob/docs/obdetail.cfm?Appl_No=020487&TABLE1=0B_Rx.
Accessed August 29, 2009.

15. Luu KK, Scott IU, Chaudhry NA, et al. Intravitreal antiviral
injections as adjunctive therapy in the management of immu-
nocompetent patients with necrotizing herpetic retinopathy.
Am J Ophthalmol 2000;129:811-3.

16. Meffert SA, Kertes PJ, Lim PL, et al. Successful treatment of
progressive outer retinal necrosis using high-dose intravitreal
ganciclovir. Retina 1997;17:560-2.

17. Ando F, Kato M, Goto S, et al. Platelet function in bilateral
acute retinal necrosis. Am J Ophthalmol 1983;96:27-32.

18. Han DP, Lewis H, Williams GA, et al. Laser photocoagulation
in the acute retinal necrosis syndrome. Arch Ophthalmol
1987;105:1051-4.

19. Kim SJ, Lo WR. Acute retinal necrosis. Ophthalmology 2008;
115:1104-6.

20. Lau CH, Missotten T, Salzmann J, Lightman SL. Acute retinal
necrosis features, management, and outcomes. Ophthalmol-
ogy 2007;114:756-62.

21. McDonald HR, Lewis H, Kreiger AE, et al. Surgical manage-
ment of retinal detachment associated with the acute retinal
necrosis syndrome. Br J Ophthalmol 1991;75:455-8.

22. Bertram KM, Bula DV, Pulido JS, et al. Amino-acid levels in
subretinal and vitreous fluid of patients with retinal detach-
ment. Eye 2008;22:582-9.

23. Schulze-Bonsel K, Feltgen N, Burau H, et al. Visual acuities
“hand motion” and “counting fingers” can be quantified with

823


http://www.accessdata.fda.gov/scripts/cder/ob/docs/obdetail.cfm?Appl_No=020363%26TABLE1=OB_Rx
http://www.accessdata.fda.gov/scripts/cder/ob/docs/obdetail.cfm?Appl_No=020363%26TABLE1=OB_Rx
http://www.accessdata.fda.gov/scripts/cder/ob/docs/obdetail.cfm?Appl_No=020363%26TABLE1=OB_Rx
http://www.accessdata.fda.gov/scripts/cder/ob/docs/obdetail.cfm?Appl_No=020487%26TABLE1=OB_Rx
http://www.accessdata.fda.gov/scripts/cder/ob/docs/obdetail.cfm?Appl_No=020487%26TABLE1=OB_Rx
http://www.accessdata.fda.gov/scripts/cder/ob/docs/obdetail.cfm?Appl_No=020487%26TABLE1=OB_Rx

Ophthalmology Volume 117, Number 4, April 2010

the Freiburg visual acuity test. Invest Ophthalmol Vis Sci
2006;47:1236-40.

24. Szurman P, Roters S, Grisanti S, et al. Primary silicone oil
tamponade in the management of severe intraocular foreign
body injuries: an 8-year follow-up. Retina 2007;27:304-11.

25. Jabs DA. Improving the reporting of clinical case series. Am J
Ophthalmol 2005;139:900-5.

26. Laskin OL. Acyclovir. Pharmacology and clinical experience.
Arch Intern Med 1984;144:1241-6.

27. Nishi M, Hanashiro R, Mori S, et al. Polymerase chain reac-
tion for the detection of the varicella-zoster genome in ocular
samples from patients with acute retinal necrosis. Am J Oph-
thalmol 1992;114:603-9.

Footnotes and Financial Disclosures

28. Usui Y, Takeuchi M, Goto H, et al. Acute retinal necrosis in
Japan. Ophthalmology 2008;115:1632-3.

29. Sternberg P, Jr., Han DP, Yeo JH, et al. Photocoagulation to
prevent retinal detachment in acute retinal necrosis. Ophthal-
mology 1988;95:1389-93.

30. Ezra E, Pearson RV, Etchells DE, Gregor ZJ. Delayed fellow
eye involvement in acute retinal necrosis syndrome. Am J
Ophthalmol 1995;120:115-7.

31. Schlingemann RO, Bruinenberg M, Wertheim-van Dillen P,
Feron E. Twenty years’ delay of fellow eye involvement
in herpes simplex virus type 2-associated bilateral acute
retinal necrosis syndrome. Am J Ophthalmol 1996;122:
891-2.

Originally received: March 20, 2009.
Final revision: August 30, 2009.
Accepted: September 1, 2009.
Available online: January 15, 2010. Manuscript no. 2009-392.
! Harvard Medical School, Boston, Massachusetts.

2 Wills Eye Institute, Retina Service, Philadelphia, Pennsylvania.

3 Massachussetts Eye and Ear Infirmary, Boston, Massachusetts.

4 Tufts University School of Medicine, Boston, Massachusetts.

3 Ophthalmic Consultants of Boston, Boston, Massachusetts.

824

Financial Disclosure(s):

The author(s) have made the following disclosure(s): Jay S. Duker, MD,
Consultant: Alcon, Genentech, Ophthotech; Research Support: Topcon
Medical Systems, Carl Zeiss Pharmaceuticals, Optivue; Scientific Advi-
sory Board: Paloma Pharmaceuticals.

Financial support: Center for Eye Research and Education.

Correspondence:
Michael G. Morley, MD, Ophthalmic Consultants of Boston, Suite 600, 50
Staniford St., Boston, MA 02114. E-mail: mgmorley @eyeboston.com.


mailto:mgmorley@eyeboston.com

	Treatment of Acute Retinal Necrosis
	Patients and Methods
	Results
	Visual Acuity
	Retinal Detachment
	Fellow Eye Prophylaxis
	Fellow Eye Involvement

	Discussion
	References
	Footnotes and Financial Disclosures


