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ABSTRACT

Purpose: To describe a simple technique of
diamond burr-assisted superficial keratectomy
for the treatment of peripheral corneal edema.
Cases Presentation: Two patients with persis-
tent symptomatic peripheral corneal edema
underwent superficial keratectomy with the use
of a diamond ophthalmic burr. The efficacy of
the treatment was evaluated clinically as well as
with anterior segment optical coherence
tomography. During the postoperative follow-
up period, no adverse events were observed and
corneal edema reduced significantly. The
patients were asymptomatic, no epithelial cysts
could be identified clinically, and visual acuity
remained unchanged.
Conclusion: Peripheral superficial keratectomy
could be an effective alternative for the

treatment of peripheral, symptomatic corneal
edema.
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Key Summary Points

Peripheral corneal edema may not affect
visual acuity but it can be symptomatic,
especially following rupture of epithelial
bullae.

Superficial keratectomy was performed
with the use of the diamond ophthalmic
burr in two patients with persistent
symptomatic peripheral corneal edema.

Treatment successfully alleviated patients’
symptoms while visual acuity was not
affected.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and videos, to facil-
itate understanding of the article. To view
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digital features for this article go to https://doi.
org/10.6084/m9.figshare.14823477.

INTRODUCTION

Corneal edema results from fluid retention in
the cornea and can be related to many different
conditions, including corneal dystrophies, sur-
gical trauma, direct corneal injury, intraocular
inflammation, corneal hydrops, Brown–McLean
syndrome, and drug toxicity [1]. Beside causing
stromal tumescence and epithelial swelling,
fluid accumulates between basal epithelial cells,
forming blister-like structures leading to
chronic irritation, discomfort, and decreased
visual acuity. Furthermore, the formed bullae
may rupture causing pain and increased risk of
corneal infection [2].

In the early stages, conservative measures
include hyperosmotic eye drops and bandage
contact lenses [3, 4]. In long-standing cases,
multiple treatment modalities have been used,
individually or combined. In most cases, the
treatment of choice is posterior lamellar or

penetrating keratoplasty [5] while other tech-
niques such as anterior stromal puncture (ASP)
[6], phototherapeutic keratectomy (PTK) [7],
corneal cross-linking (CXL) [8], amniotic
membrane transplantation (AMT) [9], or con-
junctival flaps (CF) [10] might be beneficial.

In this report, we describe the successful
management of two patients with persistent
symptomatic peripheral corneal edema by
superficial keratectomy using a hand-held drill
foreign body remover.

CASE PRESENTATIONS

Case 1

A 77-year-old female patient was referred to our
institute for the management of peripheral
corneal microcystic edema in her right eye fol-
lowing uncomplicated cataract surgery a year
prior. Her past ocular history included presence
of corneal guttae and cataract surgery in both
eyes.

Fig. 1 a Preoperative anterior segment optical coherence
tomography (AS-OCT) showing epithelial thickening and
multiple intraepithelial cysts. b Preoperative epithelium
map showing inferotemporal thickening of the corneal
epithelium. c AS-OCT 2 months postoperatively showing

marked improvement with few residual epithelial micro-
cysts. d Postoperative epithelium map showing thinning of
the corneal epithelium in the treated area
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Upon presentation, the patient complained
of recurrent episodes of mild redness, pain, and
discomfort in her right eye that were treated
with topical lubricants and hypertonic solu-
tions. Her best corrected visual acuity (BCVA)
was 1.0 and 1.2 (decimal scale) in the right and
left eye, respectively, and the intraocular pres-
sure was within normal limits. Slit lamp exam-
ination revealed microcystic edema in the
temporal periphery of the cornea, associated
with an epithelial erosion inferiorly in the right
eye and presence of corneal guttae bilaterally.
Endothelial cell count (ECC) was 849 and
1039 cells/mm2 in the right and left eye,
respectively. Anterior segment optical coher-
ence tomography (AS-OCT) (Optovue, Inc.,
Freemont, CA) confirmed the presence of mul-
tiple intraepithelial cysts (Fig. 1a) and increased
epithelial thickness (Fig. 1b). Treatment by
phototherapeutic keratectomy did not achieve
long-term symptomatic relief since recurrence
of the microcystic edema was noted 2 months
later. Anterior stromal puncture with a fine
needle was then performed, a bandage contact
lens was placed, and orally administered doxy-
cycline 50 mg once daily was prescribed. Nev-
ertheless, further increases in corneal edema
and number of microcysts were observed,
accompanied by deterioration of the patient’s

symptoms. For this reason, a peripheral super-
ficial keratectomy was proposed to the patient.

The procedure was performed under local
anesthesia using the diamond ophthalmic burr
(The Burr, Alger Company, USA), a foreign body
removal instrument that includes a diamond
body spud on a low speed, low torque, battery-
operated hand-held drill. After the eye was
prepped and draped in a sterile manner, the
corneal epithelium was removed with an oph-
thalmic surgical sponge, and the Bowman’s
layer and the anterior stroma were polished
with the diamond burr (Fig. 2a, see video 1 in
the online supplementary material). A bandage
contact lens (Air Optix Night & Day Aqua,
Alcon) and moxifloxacin (Vigamox, Alcon
Laboratories, Inc.) eye drops were placed on the
cornea. Postoperative treatment included mox-
ifloxacin (Vigamox, Alcon Laboratories, Inc.)
five times per day and fluoromethalone 0.1%
(FML Liquifilm, Allergan, Inc.) four times per
day that were gradually tapered.

Immediate postoperative examinations
revealed a small number of microcysts restricted
to the inferior cornea that regressed following
instillation of sodium chloride 5% and sodium
hyaluronate 0.15% (ODM 5, Horus Pharma,
Inc.) four times daily. Six months after the
operation, the patient reported no symptoms,
mild inferior stromal scarring was observed on

Fig. 2 a Intraoperative photo showing the treated area and the diamond burr. b Photo of the treated eye 2 months after the
operation with no identifiable cysts and minimal stromal scarring inferotemporally
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slit lamp examination (Fig. 2b) while a limited
number of epithelial microcysts and decreased
epithelial thickness were noted by AS-OCT
(Fig. 1c, d). Preoperative ECC was 783 cells/mm2

while at 6 months postoperatively it was
657 cells/mm2. BCVA of the affected eye
remained 1.0 during the entire postoperative
follow-up period.

Case 2

A 50-year-old male patient was referred to our
department for further management of persis-
tent symptomatic corneal edema in his left eye.
Past medical and surgical history were signifi-
cant for bilateral advanced open angle glau-
coma, filtration, and cataract surgery on both
eyes. Two weeks after the cataract surgery of the
left eye, he suffered a blunt trauma with iris
incarceration through the main port that was
repaired without complication. Three months
later, the patient developed peripheral

persistent symptomatic corneal edema with
bullae formation in the area of prior iris incar-
ceration and was complaining of foreign body
sensation and tearing.

On presentation, BCVA was 0.8 in both eyes
and intraocular pressure was 12 mmHg in both
eyes under anti-glaucoma treatment. Slit lamp
examination revealed peripheral inferotempo-
ral corneal edema and a clear cornea centrally
(Fig. 3a). AS-OCT examination revealed stromal
edema with epithelial bullae formation (Fig. 3b)
and a corneal thickness of 1112 lm in the
affected area. Endothelial cell count was 2415
and 1090 cell/mm2 in the right and left eye
respectively.

Because of the good central vision, minimal
invasive treatment options were discussed and a
peripheral superficial keratectomy using the
diamond burr was performed on the slit lamp
with local anesthesia (see video 2 in the online
supplementary material). A bandage contact
lens was placed on the cornea and antibiotic

Fig. 3 a Preoperative photo of the involved eye. b Preop-
erative AS-OCT showing epithelial thickening and
intraepithelial cysts. c Photo of the involved eye 6 months
postoperatively. d AS-OCT 6 months postoperatively

showing thinning of the epithelium and the absence of
intraepithelial cysts

1158 Ophthalmol Ther (2021) 10:1155–1161



treatment with moxifloxacin (Bayer AG, Ger-
many) five times per day was prescribed until
the epithelium healed.

On last follow-up examination, 6 months
postoperatively, the patient was asymptomatic
and BCVA of the affected eye was 0.8. Slit lamp
examination revealed anterior stromal scarring
in the treated region (Fig. 3c) and AS-OCT con-
firmed the absence of epithelial cysts or bullae
(Fig. 3d). Preoperative ECC was 1090 cells/mm2

while at 6 months postoperatively it was
1083 cells/mm2.

Written informed consent for publication of
both patients’ clinical details was obtained. An
ethics committee approval was not required for
the completion of this study.

DISCUSSION

Persistent corneal edema can be associated with
foreign body sensation, redness, pain, tearing
and photophobia, aside from reduced visual
acuity. The main goal of treatment is to relieve
symptoms and improve visual acuity, when
possible. Bandage contact lens and hyperos-
motic agents help to reduce symptoms tem-
porarily. Anterior stromal puncture is a
repeatable slit lamp procedure that can be used
in early, localized and peripheral cases [6].
However, it is not applicable in large areas of
corneal edema, it is associated with an increased
risk of perforation, and it cause excessive stro-
mal scarring that might affect the patient’s
vision [11].

Excimer laser PTK has been demonstrated to
be successful in symptomatic relief and epithe-
lial adhesion. Interestingly, deeper ablation (up
to 25% of stromal thickness) has been shown to
be more successful in decreasing pain than
shallow ablation, possibly owing to more
extensive removal of corneal neural plexus
components [12]. The effect of corneal collagen
cross-linking on pain reduction and visual acu-
ity improvement has also been studied but
despite the amelioration observed shortly after
the operation, there was not any long-term
benefit [8]. In eyes with good visual potential,
corneal transplantation is considered to be the
gold standard, especially with the introduction

of Descemet membrane endothelial kerato-
plasty (DMEK) and Descemet stripping auto-
mated endothelial keratoplasty (DSAEK) that
are more effective than penetrating keratoplasty
[5]. The advantage of endothelial keratoplasties
is they address the primary pathology of the
corneal edema by replacing the decompensated
endothelium and they can achieve satisfying
visual acuity results. However, they cannot be
used for the management of localized periph-
eral corneal edema since only the central part of
the corneal endothelium is usually replaced.

Amniotic membrane transplantation has
been found to be equally effective compared to
anterior stromal puncture and PTK in terms of
symptom relief in patients with bullous ker-
atopathy (BK) but its use is limited to cases
where visual acuity cannot be restored [9].
Conjunctival flaps represent another option for
these patients since they have very good results
in alleviating ocular pain and discomfort but
they may be related to several complications
such as flap retraction [10]. Lastly, in blind eyes
with BK, intracorneal silicone oil insertion has
also been shown to result in immediate symp-
tomatic relief [13].

The authors postulate that the mechanism of
action of superficial keratectomy is similar to
ASP. The debridement and mechanical friction
on the Bowman membrane and anterior stroma
may increase the expression of extracellular
proteins such as type IV collagen, fibronectin,
and laminin, which in turn lead to heavier
scarring and better adhesion of the epithelium
to the underlying stroma [14]. Anterior corneal
scraping with the ophthalmic burr might be an
alternative to ASP because of the large area that
can be treated in a uniform manner and the
eliminated risk of perforation. In addition, in
the two presented cases, superficial keratectomy
did not affect the corneal endothelium since
ECC continued its slow decreasing rate in the
first case and remained unchanged in the sec-
ond. However, during the operation, the sur-
geon should exercise caution to avoid scraping
the limbus and damaging the limbal stem cells.

In conclusion, we describe a simple tech-
nique that might be successful in treating
patients with painful, refractory, peripheral
corneal edema. Despite the favorable outcome
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and the absence of complications in these two
cases, further investigation of this technique is
required to assess its long-term efficacy and
safety.
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