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Abstract
Background/Objectives The aim of this study was to identify risk factors, prognosis, and management in patients with
concomitant herpetic keratitis and acute retinal necrosis (ARN).
Subjects/Methods In this retrospective observational series, ARN patients in the Greater Vancouver area from 2004 to 2018
were identified through key words, billing codes, and dispensing data from medical records of affiliate researchers and the
pharmacy at Vancouver General Hospital.
Results Twenty-eight patients were diagnosed with ARN during this period. Five of those were also diagnosed with
herpetic keratitis. Thus, the incidence of combined keratitis and ARN was 18% of patients with ARN. The two diseases
occurred concomitantly in four out of five patients. Mean age at diagnosis was 55 ± 17 years. Of the five patients with both
corneal and retinal involvement, three patients were immunocompromised and three had a history of herpetic diseases.
Three developed disciform keratitis and two developed stromal immune keratitis. Clinical management and outcomes of
these patients did not differ from patients with ARN alone, except for a lower rate of retinal detachment (p= 0.006) and a
higher proportion with visual acuity ≥ 20/200 (p= 0.01).
Conclusions Keratitis may complicate the clinical picture of one out of five to six patients with ARN. Comprehensive
ophthalmic examination, including careful anterior segment exams in patients with ARN and sequential dilated fundus
exams in patients with herpetic keratitis, should always be conducted to identify cases of concomitant disease.

Introduction

Acute retinal necrosis (ARN) is thought to be due to reacti-
vation of Herpesviridae, most frequently herpes simplex
virus or herpes zoster virus (HSV/HZV), seated within the
trigeminal ganglion. Based on two nationwide surveys of
ophthalmologists in the United Kingdom (UK), the incidence
of ARN is estimated at 0.5–0.63 new cases per million
population per year [1]. With the advent of polymerase chain
reaction (PCR), anterior chamber or vitreous fluid is positive
for HSV/HZV in 79–100% of suspected ARN cases. Sys-
temic antivirals, either oral or intravenous, remain first-line
treatment. The addition of intravitreal foscarnet to systemic

antivirals may have greater efficacy than systemic antivirals
alone [2]. Adjunct therapies with unknown efficacy have
also been tried, including topical steroids, systemic steroids,
systemic antiplatelet agents, prophylactic barrier laser, and
prophylactic vitrectomy [1, 2]. Complications such as retinal
detachment, cystoid macular oedema, and epiretinal mem-
branes, along with surgeries for these complications, lead to
further deterioration of vision [1].

Herpesviridae are also a common cause of keratitis. The
estimated incidence of HSV keratitis ranges from 0.004 to
0.027%, and the incidence of HZV keratitis from 0.013 to
0.053% [3, 4]. Corneal scarring affecting visual acuity may
be treated with penetrating or deep anterior lamellar kera-
toplasty, although the incidence of keratitis recurrence
in graft ranges from 6 to 47% [5]. Long-term prophylaxis
with oral antivirals such as acyclovir may reduce the rate of
recurrence by up to 50% [6].

Although there have been case reports of herpetic keratitis
associated with ARN, our study aimed to identify all cases of
concomitant keratitis and ARN occurring in British Columbia
over a 15-year timeframe and analysing their outcomes.
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Materials and methods

Our study conformed to the tenets of the Declaration of
Helsinki and was approved by the University of British
Columbia Clinical Research Ethics Board. The electronic
medical record systems of affiliate investigators were sear-
ched for individuals with a clinical diagnosis of ARN from
January 1, 2004 to July 13, 2018. The list of patients who
were dispensed intravitreal foscarnet or ganciclovir over the
same timeframe was also obtained from the pharmacy
department at Vancouver General Hospital. Clinical charts of
these patients were then reviewed to confirm the diagnoses.
Demographics, corrected distance visual acuity (CDVA,
Snellen), clinical features, treatment modalities, and compli-
cations were recorded for all patients.

Patients were divided into two groups for analysis: ARN
alone or ARN with herpetic keratitis. Student’s t test and
chi-squared test were used for comparisons, assuming
approximately normal distribution, and similar variance.

Results

Twenty-eight patients with a clinical diagnosis of ARN in
the last 15 years were included in the study. They ranged in
age from 20.0 to 87.9 years old (mean 52.9 ± 19.6 years).
Nineteen were male and nine were female. The incidence of
ARN in our population was 0.45 per 1 million people per
year. Of those with ARN, five patients were also diagnosed
with herpetic keratitis. The incidence of both conditions was
therefore 0.08 per 1 million people per year, or 18% of
those diagnosed with ARN.

Characteristics of patients diagnosed with both keratitis
and ARN are shown in Table 1. Of the five patients with
keratitis and ARN, two (40%) were male and three (60%)
were female. One patient developed bilateral ARN, but
keratitis only in one eye (patient D). The rest developed
unilateral disease, and a representative fundus photograph
is shown in Fig. 1a (patient C). Three (60%) were
immunocompromised, two (40%) were post-renal trans-
plant, and one (20%) had chronic kidney disease. Three
of the five patients had previous herpetic diseases,
including V1 zoster, disseminated zoster, and genital
herpes. Four patients (80%) were diagnosed concomitantly
(i.e. within 1 week) with both herpetic keratitis and ARN.
One patient (20%) developed keratouveitis a year after
the initial diagnosis of ARN. Three (60%) patients had
disciform keratitis (Fig. 1b), while the other two (40%)
developed stromal immune keratitis. In all cases, corneal
findings resolved within 2 months. Aqueous samples of
two patients (40%) were PCR positive for HZV, one
(20%) was negative, and two (40%) had insufficient
samples for analysis. All patients were treated with topical Ta
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steroids. All patients received systemic antiviral treatment
for ARN. The most common treatment regimen was
valacyclovir 500 mg (renal compromise) to 2 g orally three
times a day (60%). Acute treatment duration ranged from
2 weeks to 6 months, with some patients continuing
indefinitely at prophylactic doses. Two patients (40%) also
received intravenous acyclovir or valganciclovir for up to
7 days followed by oral antivirals. Four eyes (80%) also
received intravitreal foscarnet 2.4 mg/0.1 ml. One patient
(20%) was treated with systemic prednisone. Two patients
(40%) developed retinal detachments requiring laser or
surgical management. Other complications included cat-
aract (40%), glaucoma (20%), and scleritis (20%).

Comparison between patients with keratitis and ARN vs.
ARN only is shown in Table 2. There were no significant
differences between age, gender, or immune status between
those with herpetic keratitis and ARN vs. ARN alone. There
were also no significant differences between the proportion
of individuals with previous herpetic diseases, PCR posi-
tivity in aqueous or vitreous, initial or final CDVA ≥ 20/200,
or antiviral treatment modality. The most common treat-
ment regimen in ARN alone was valacyclovir 1–2 mg orally
TID for several months, with gradual tapering off the
medication over up to a year (52%). Three patients (13%)
planned to continue prophylactic doses of valacyclovir
indefinitely. Seven patients (30%) received intravenous

Fig. 1 Fundus and slit-lamp
photographs of one patient
with acute retinal necrosis and
disciform keratitis. a Wide-
field fundus photograph
showing vitritis with multiple
foci of retinitis. b Slit-lamp
photograph showing disciform
keratitis with keratic
precipitates, anterior chamber
cells, and flare.

Table 2 Comparison between
herpetic keratitis and ARN vs.
ARN alone.

Herpetic keratitis and ARN
(numbers in %)

ARN alone
(numbers in %)

p value

Age 55.2 ± 17 years 52.4 ± 20.7 years p > 0.05

Gender 2 Male/3 Female 18 Male/6 Female p > 0.05

Immunocompromised 3 (60%) 7 (29%) p= 0.61

Previous HSV/HZV disease 3 (60%) 5 (21%) p= 0.13

PCR positivity 2 (40%) 18 (75%) p= 0.32

Initial CDVA ≤ 20/200 2 (40%) 11 (46%) p= 0.20

Final CDVA ≤ 20/200 2 (40%) 13 (54%) p= 0.01

Intravenous antivirals (systemic) 2 (40%) 7 (29%) p= 0.41

Oral antivirals only (systemic) 3 (60%) 16 (67%) p= 0.29

Intravitreal foscarnet or
ganciclovir

4 (80%) 21 (88%) p= 0.26

Retinal detachment 2 (40%) 12 (50%) p= 0.006

Cataract 2 (40%) 8 (33%) p= 0.32

Glaucoma 1 (20%) 5 (21%) p= 0.20

Duration of follow-up 1366 days 637 days p= 0.16

ARN acute retinal necrosis, CDVA corrected distance visual acuity, HSV herpes simplex virus, HZV herpes
zoster virus, PCR polymerase chain reaction.
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antivirals for up to 10 days, six (26%) with acyclovir, and
one (4%) with ganciclovir. Sixteen (67%) and five eyes
(21%) received at least one dose of foscarnet 2.4 mg/0.1 ml
or ganciclovir 2 mg/0.1 ml respectively. In addition, there
was no difference between the rates of cataracts and glau-
coma between the two groups. However, the rate of retinal
detachment was significantly higher in those with ARN
alone compared with those with both diseases.

Discussion

This study is the first to look at the incidence, clinical
features, and outcomes of herpetic keratitis in association
with ARN. The incidence of ARN in our study population
was 0.45 per one million people per year. The incidence of
ARN has previously been estimated to be between 0.5 and
0.63 cases per year in two large-scale UK studies, which is
similar to our study [1, 7]. Of the patients with ARN, 18%
(or one in five to six) were also found to have keratitis, and
this is the first documented estimate of the incidence of both
conditions.

The precise mechanism underlying the development of
both conditions is unknown. The development of ARN
after keratitis has been hypothesized to occur due to viral
spread from the cornea to the ciliary ganglion through the
Edinger–Westphal nucleus to the suprachiasmatic nucleus,
and then through the optic nerve to the retina. It has been
proposed that the reverse also might occur, causing kera-
titis in those with ARN. Direct invasion of the virus
through the cornea, however, is thought to be unlikely due
to Descemet’s membrane, which is difficult for the virus to
penetrate [8].

In our study, four of the five patients were diagnosed
with keratitis and ARN within the span of a few days. This
is consistent with previous case reports, where ARN and
keratitis were diagnosed within a few weeks of onset of
either disease [8, 9]. One subject (20%) in our study was
diagnosed with keratitis much later than she was diagnosed
with ARN, separated by a span of 11 months (patient E).
Her keratitis presentation consisted of stromal haze con-
sistent with stromal immune keratitis and minimal non-
granulomatous anterior chamber reaction. Her ARN was
stable without active posterior segment inflammation at the
time of her keratitis diagnosis. Of the five patients diag-
nosed with both diseases, two had stromal immune keratitis.
This has not been previously described to be associated with
ARN. The other three patients (60%) developed disciform
keratitis, which has been documented to occur with ARN
[10]. One patient (20%) developed keratitis of one eye
followed by ARN in both eyes. No patient developed epi-
thelial keratitis in our study, although this has been
observed in other case reports [8, 9]. In all cases in our

study, keratitis resolved without significant sequalae or
scarring within 2 months [8–10].

In this study, two of the five patients with concomitant
disease were PCR positive for HZV DNA in the aqueous
humour (patients D and E, 40%). Although HZV has
been documented in previous case reports to cause con-
comitant disease [8], HSV-1 and HSV-2 have also been
implicated [9, 11]. In our series, HZV was also the most
common causative virus of ARN (59%), followed by
HSV-2 (23%), and then by HSV-1 (9%). The percentage
of HZV in ARN in our study is slightly higher than in
previous studies, which shows ~50% positivity for HZV
[1, 7, 12]. This may be due to a slightly higher proportion
of patients with previous or concomitant zoster-related
illnesses.

Three of five (60%) patients with keratitis and ARN
were immunocompromised, whereas only seven out of 24
(29%) patients with ARN alone were immunocompro-
mised. This difference was not statistically significant,
likely due to the small number of patients with con-
comitant disease. Systemic conditions classified as causing
an immunocompromised state included renal transplant
(14%), diabetes (7%), malignancy (7%), chronic kidney
disease (4%), bullous pemphigoid (4%), and multiple
sclerosis (4%). ARN is well documented in immuno-
competent and immunocompromised individuals, includ-
ing those with renal transplant [13], multiple sclerosis
[14], and human immunodeficiency virus [15]. Previous
case reports for patients with both diseases also included
immunocompetent patients [10, 11]. However, several of
these reports do not mention the patients’ immune status or
past medical history [8–10].

Of the five patients with keratitis and ARN, three (60%)
had either HSV or HZV-related illnesses preceding
the development of ARN. In the ARN alone group, only
five out of 24 (22%) patients had documented history of
previous clinical herpetic infections. This is concordant
with several case reports in the literature, noting a strong
correlation between herpetic illnesses, such as V1 zoster
dermatitis, herpetic meningitis, and herpetic encephalitis,
and the development of ARN [16–18].

Our findings may therefore suggest that preceding her-
petic infections and immunosuppression are risk factors for
the development of combined herpetic keratitis and ARN,
although there is insufficient statistical power to establish
such correlation. We also describe an association between
stromal immune keratitis and ARN, which has not pre-
viously been documented in literature.

Between patients with keratitis and ARN versus those
with ARN alone, no significant differences were noted in
demographics, clinical features, or management. However,
there was a significant difference in the proportion of
individuals with final CDVA of 20/200 or worse and retinal
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detachments between the two groups. Indeed, the final
visual acuity of patients showed a bimodal distribution
related to the final retinal status. Of the five patients with
both conditions, two (40%) experienced retinal detachments
while three (60%) did not. Those with retinal detachments
did poorly with CDVA of light perception or worse, while
those without attained CDVA of 20/40 or better. In the
ARN alone group, 12 of 24 eyes (50%) developed retinal
detachments. Of these, four eyes achieved CDVA of 20/70
or better (33%), while the rest (67%) did poorly with CDVA
of 20/200 or worse. This is consistent with research con-
ducted by Butler et al., which demonstrated similar rates of
retinal detachment in ARN, and identified retinal detach-
ment as being the most important determinant of final visual
acuity [18]. With regards to the significantly higher rate of
retinal detachment in those with ARN alone versus ARN
with keratitis, we can only hypothesize that those with
both conditions developed less severe retinitis. However,
this difference in the rate of retinal detachment may simply
be a consequence of the low number of patients with both
conditions.

There are several limitations to this retrospective study.
Some cases of ARN might have been missed over such a
long time period. However, virtually all cases of ARN are
referred to tertiary care centres in the Greater Vancouver
Area in British Columbia due to difficulty with access to
compounding facilities for intrvitreal antivirals outside of
these centres. In addition, subjects with keratitis and ARN
were followed for almost twice as long compared with those
with ARN alone. This difference was not statistically sig-
nificant; however, longer surveillance of the ARN alone
group may result in an increase in the number of keratitis
diagnoses. Furthermore, it is difficult to meaningfully gen-
erate and interpret statistics due to the rarity of patients with
both diseases. Nonetheless, this study provides the first
series of combined ARN and herpetic keratitis identified
in a large data set over a long period of time. The two
diseases seemed to occur more commonly in immuno-
compromised individuals or immediately following herpes-
related diseases. Further studies are needed to shed some
light on the potential mechanism for the development of
both diseases. This study highlights the need for careful,
serial, examinations of the anterior and posterior segment.
Finally, clinicians should have a heightened awareness for
the possibility of patients developing both conditions, par-
ticularly the risk of subtle keratitis in patients with ARN.

Summary

What was known before

● ARN is a relatively rare condition (less than 0.63 person
per million) and is associated with poor clinical outcome.

What this study adds

● Analysis of 15 years of data demonstrated that 18% of
patients with ARN also develop herpetic keratitis.

● Herpetic keratitis may be diagnosed before, at the same
time, or after the diagnosis of ARN.

● Clinical outcomes of patients with keratitis and ARN do
not differ from those with retinal necrosis alone.
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