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Purpose: To describe three cases of keratitis following Selective Laser Trabeculoplasty (SLT).
Observations: Three females with a history of glaucoma presented with corneal edema, keratitis
(endothelial, epithelial) and decreased visual acuity shortly after SLT. There was variable resolution of
symptoms after starting treatment with oral antiherpetics and topical steroids.
Conclusions and importance: With the increase in usage of SLT as a treatment for glaucoma and subse-
quent reports of keratitis, it is imperative for ophthalmic surgeons to be aware of herpes simplex as a
possible risk factor. Prompt treatment with antivirals and steroids can potentially prevent scarring and
permanent damage to the cornea.

Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Selective laser trabeculoplasty (SLT) was first approved by the
Food and Drug Administration in 2001. Advantages of the proced-
ure include less coagulative damage and structural changes when
compared with argon laser trabeculoplasty,1 low cost compared to
bleb filtering procedures,2 and a decreased need formedications.3 It
is increasingly being performed in place of traditional treatments.
Complications are similar to other laser trabeculoplasty modalities,
including inflammation and transient post operative elevation of
intraocular pressure.4

SLT is a relatively new procedure and complications are being
documented as they arise. Rare cases of corneal edema following
SLT have been reported. Symptoms specifically consistent with
endotheliitis have been documented in two.5 Endotheliitis is
characterized by corneal edema, keratic precipitates with or
without anterior chamber reaction, and an increase in intraocular
pressure. In severe or protracted cases, chronic edema may persist,
or scarring and neovascularization may result. Several cases in the
literature report post-operative, virus associated instances of
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endotheliitis that resolve upon treatment.6 We report three addi-
tional cases of corneal edema (epithelial and endothelial involve-
ment) following SLT. These were treated presumptively for
herpetic-induced keratitis.
2. Findings

2.1. Case 1

A 64 year-old Japanese female with low tension glaucoma
received SLT in the left eye, IOP max of 17 mmHg. Laser settings
were: 110 shots; total power of 102mJ, 360� treated. Two days
post-procedure, she returned with decreased vision. Her visual
acuity (VA) had declined from 20/20 before SLT to 20/50. IOP was
20 mmHg, and exam showed corneal edema with a fine dusting of
cells on the endothelium. She had a history of cold sores, but no
prior history of intermittent “pink eye”. Our working diagnosis
was endotheliitis, presumed to be secondary to reactivation of the
herpes simplex virus (HSV). Treatment was begun with acyclovir
400 mg by mouth four times daily, and loteprednol drops every
hour while awake. Two days later VA was 20/50 in the left eye,
pinholing to 20/25. Left eye pachymetry showed a corneal thick-
ness of 600 mm (pre-laser pachymetry was 522 mm in the left eye,
performed four months earlier). VA improved to 20/25 in the left
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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eye one week post-op. The endothelial deposits and corneal
edema had resolved. Pachymetry returned to baseline. Acyclovir
was decreased to three times daily, and loteprednol was tapered.
One month after SLT, she was back to her baseline and acyclovir
was discontinued. At her six month follow-up, VA and IOP
remained stable.
2.2. Case 2

A 75 year-old female with primary open angle glaucoma
(POAG) had SLT performed in the left eye, IOP max 19 mmHg.
Laser settings were: 103 shots; power of 0.9mJ/shot, 360� treated.
Four days post-procedure, she returned with “burning and
decreased vision”. VA had declined from 20/30 before SLT to 20/
40. Exam showed a central area of corneal epithelial edema with
folds, positive fluorescein stain and superficial punctate keratitis.
She denied known history of herpetic disease. Prophylactic treat-
ment was begun with valacyclovir 1000 mg by mouth two times
daily for 14 days. She was seen four days later in follow-up “feeling
better”. VA was 20/100 in the left eye. Pachymetry was performed
for the left eye, and showed a corneal thickness of 525 mm, the
same as pre-laser pachymetry. Left eye IOP was 13 mmHg. The
corneal infiltrate improved. Zylet was started four times a day in
the left eye for two days at which point the patient self-
discontinued. At one month post-procedure, patient continued
to improve. Vision in the left eye was 20/50 pinholing to 20/40
with IOP of 11 mmHg. There was minimal central corneal haze on
exam. Follow up two years post-procedure was stable with com-
plete resolution of corneal edema.
2.3. Case 3

A 58 year-old white female with pigment dispersion glaucoma
had SLT in the right eye, IOP 27 mm Hg. Laser settings were: 101
shots; power of 0.9e1.0 mJ/shot; total energy ¼ 99.4mJ; 360�

treated. The patient presented one day post-laser with “very
blurry vision” in the right eye. Her vision had declined from 20/20
Table 1
Summaries of index cases and cases that have been reported in the literature.

Case Age Gender Symptoms Corneal exam Onset Treatmen

1a 64 F Blurred vision Edema, endothelial fine
deposits

2 d PO acyclo

2a 75 F Burning, blurred
vision

Central edema with folds,
SPK

4 d PO valacy
tobramyc

3a 58 F Haloes, blurred
vision

Central edema with folds,
SPK

1 d PO acyclo

45 60 F Haloes Central epithelial and
stromal edema

1 wk PO valacy
sodium ch

55 54 F Pain, blurred vision Mild central stromal edema 1 wk prednisolo
613 55 F Pain, blurred vision Anterior stromal haze, rare

AC cell
5 d lotedpred

714 55 F Blurred vision Central edema, AC fibrin 1 d “intensive

814 59 F Blurred vision Anterior stromal haze 2 d “intensive

915 63 F Photophobia, blurred
vision

Central corneal edema, haze 2 d prednisolo

1015 56 F Blurred vision Central stromal edema and
haze

1 d prednisolo

1115 46 F Blurred vision Diffuse dense stromal
opacification

2 d prednisolo

1215 56 F Blurred vision Central stromal haze 2 wk deflupred

Cases in order of mention.
Abbreviations: AC, anterior chamber; BCVA, best-corrected visual acuity; d, day/s; F, fem

a Index cases that are described in this report.
before SLT to 20/100, pinholing to 20/40. IOP was 21 mm Hg, and
exam showed a central area of corneal edema with folds and su-
perficial punctuate keratitis. She denied history of herpetic dis-
ease. Based on the endotheliitis like picture, she was started on
acyclovir 400mg five times daily for 14 days and continued
diclofenac drops. Three days post laser the patient reported
improved vision but still had some visual distortion. Her vision
had improved to 20/50 in the right eye and central corneal edema
had completely resolved with mild anterior stromal corneal haze
seen nasally. Pachymetry showed a CCT of 539 mm (prior to laser
477). The diclofenac was discontinued. Two weeks post laser the
vision was back to 20/20 with mild anterior stromal haze and
complete resolution of her corneal edema.
3. Discussion

Non-ulcerative keratitis has been reported as associated with a
variety of viral infections. Most commonly, herpes simplex
HSV7e10 and CMV.11 These have occurred presumptively sporadi-
cally as well as associated with intraocular surgery.6,12 The first
cases of corneal edema following SLT were reported in two pa-
tients in 2009.5 Case 1 was a 60 year-old female who presented
with a decrease in visual acuity, focal epithelial haze and stromal
edema one week following SLT. The patient had a known history of
oral herpes. Symptoms resolved with topical prednisolone and
oral valacyclovir. Corneal haze and keratitis did not resolve until
antiviral therapy was commenced. Case 2 was a 54 year-old female
who presented with haloes and mild central stromal edema one
week post SLT. Symptoms resolved with topical prednisolone.

Seven additional cases of corneal edema following SLT were
reported in 2010,13 201114 and 2014.15 All were only treated with
topical steroids and had residual corneal thinning with hyperopic
shift. All cases were female. One case had tear fluid tested for HSV
which returned negative; the rest were not tested and did not
mention a known history of HSV.

Case 1 described by us and Case 1 described by Moubayed both
had a clinical history of herpes labialis5 and were presumptively
t Outcome

vir, loteprednol No thinning, BCVA down 1 line at 1 mo

clovir, loteprednol/
in

No thinning, BCVA down 1 line at 1 mo

vir, diclofenac BCVA stable at mild stromal haze at 2 wk

clovir, prednisolone,
loride

BCVA stable at 4mo

ne BCVA stable at 2mo
nol Thinning, BCVA decreased by one line, refractive shift

topical steroid” Thinning, BCVA stable, central corneal haze, refractive
shift at 2 mo

topical steroid” Thinning, BCVA stable, central stromal scar, no
refractive shift at 3 mo

ne Thinning, BCVA decreased two lines, mild central
stromal haze at 8 mo

ne, nepafenac Thinning, BCVA decreased one line, faint central
stromal haze at 6 mo

ne Thinning, BCVA decreased one line, cornea clear at
11mo

nate, hypertonic saline Thinning, BCVA decreased one line, cornea clear at 7mo

ale; mo, month; PO, oral; wk, weeks.
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treated for HSV keratitis. Cases of edema following SLT described
thus far do not have definitive diagnoses, most resolving with
empiric treatment. Whether these represent the same process is
inconclusive, although lack of thinning in our cases suggests purely
endothelial pathology versus stromal involvement. It is unclear
whether early antiviral treatment would have affected the out-
comes of the cases that did not have clinical history of HSV. The
cases we describe were immediately started on antiherpetics, thus
we are unable to conclude if symptoms may have resolved with
only steroid treatment.

Based on the current literature, the cases described by us and
the cases described by Moubayed are clinically consistent with
corneal endotheliitis associated with viral infection (Table 1).
Further tests were not warranted given the rapid and complete
resolution of symptoms. Definitive diagnosis requires isolating the
virus but is difficult without corneal endothelial tissue.6 Poly-
merase chain reaction can be performed to detect HSV in aqueous
fluid16 as was done in one reported case of corneal edema
following SLT, however sensitivity is low.17 The origin of the virus
is unclear but may enter the anterior chamber through the
trabecular meshwork8 with increased secretion of viral particles
from disruption of the meshwork and subsequent increased in-
flammatory response.18 This viral shedding has been shown, in
rabbits, to elicit an endotheliitis reaction clinically similar to that
found in humans.19

Currently, a history of herpes simplex keratitis is not a
contraindication when considering SLT. Despite lack of prior clin-
ical history or dendrites, HSV should always be on the differential
in idiopathic anterior chamber inflammation due to ubiquity of
infection20 and possible presentation with or without epithelial
involvement. The HSV virus can affect any layer of the cornea, and
can present in a multitude of ways. Cases have been reported
following uncomplicated cataract surgery, lamellar corneal trans-
plantation21 and laser in situ keratomileusis22. Some patients
presented with epithelial disease, while others presented with
corneal edema. Whether these cases resulted from the ocular
inflammation associated with surgery, the postoperative steroids,
or both, is unclear. Nonetheless, treatment with antiviral therapy
is indicated, and often resolves the keratitis. In cases that present
with corneal edema, antiviral therapy and steroids are both
necessary for resolution. Because antiviral therapy is so well
tolerated, and because diagnostic testing such as PCR is not readily
available, a trial of anti-herpetic medications without culture
positive results is often employed in practice. Alternatively, a
missed or delayed HSV diagnosis can lead to permanent scarring
and thinning.

Because ocular herpes simplex is common and easily mis-
diagnosed, it would be prudent for clinicians to query patients
regarding prior history of recurrent, unilateral conjunctivitis, or
“pink eye”; as well as history of prior cold sores. If the decision is
made to proceed with SLT, patients should be informed of the risk
of HSV reactivation, and consideration given to using prophylactic
anti-viral medications. Given increasing usage of SLT as a promising
treatment for glaucoma, more studies are warranted to determine
the risk factors for and further elucidate the etiology of keratitis.
Ophthalmic surgeons should be aware of the potential risk for
keratitis and commence treatment promptly, preventing extensive
and permanent scarring or endothelial cell loss.
Patient consent

Written patient consent was not obtained. As such, identifying
information has not been included.
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