
198 © 2022 Canadian Ophthalmological Society.
Published by Elsevier Inc. All rights reserved.
Original Article
TaggedH1Phototherapeutic keratectomy
versus epithelial debridement
combined with anterior stromal
puncture or diamond burr for
recurrent corneal erosions TaggedEnd
TaggedPYelin Yang,* Michael Mimouni,*,z Tanya Trinh,* Nir Sorkin,*,y,x Eyal Cohen,* Gisella Santaella,*
David S. Rootman,* Clara C. Chan,* Allan R. Slomovic*TaggedEnd
Objective: To compare outcomes of phototherapeutic keratectomy (PTK) versus epithelial debridement combined with anterior stromal
puncture (ASP) or diamond burr for the treatment of recurrent corneal erosions (RCES) in a large tertiary centre.

Methods: Patients with a diagnosis of RCES secondary to trauma or epithelial basement membrane dystrophy who underwent a surgical
procedure between 2009 and 2019 were included in the study. The following data were collected: demographics, ocular history, prior medical
treatment, ocular surgeries, intervention, complete epithelialization at postoperative week 1, recurrences, and complications. Recurrence was
defined as either an objective finding of a corneal epithelial defect or symptoms suggestive of recurrent epithelial erosion on history. Recur-
rence rate and time to epithelialization were compared between groups.

Results: A total of 97 eyes (73 patients) were included in the study. Mean patient age was 51 § 16.1 years, and mean follow-up was
474 days. RCES was secondary to epithelial basement membrane dystrophy in 80% (n = 78 of 97), trauma (15%, n = 15 of 97), or idiopathic
(4%, n = 4 of 97). Epithelial debridement with ASP was performed in 34 eyes (35%), diamond burr in 33 eyes (33%), and PTK in 30 eyes (31%).
Compared with epithelial debridement with ASP (recurrence 29.4%), the recurrence rate was significantly lower for both the diamond burr
(9.1%, p = 0.031) and PTK groups (10%, p = 0.048). The diamond burr and PTK groups also had a significantly higher rate of complete epitheli-
alization at 1 week (p < 0.05).

Conclusion: Compared with epithelial debridement with ASP, diamond burr and PTK have significantly lower rates of recurrence and time
to epithelialization and may be considered first for surgical management of RCES.
TaggedPRecurrent corneal erosions syndrome (RCES) is a common
disorder characterized by recurring episodes of corneal epi-
thelium breakdown.1 The mechanism likely involves abnor-
mal hemidesmosomes and anchoring filaments, leading to
poor adhesion of the corneal epithelium to the underlying
stroma.2 Predisposing factors include trauma, corneal dystro-
phies such as epithelial basement membrane dystrophy
(EBMD), dry eye, rosacea, and diabetes.2 TaggedEnd

TaggedPPainful episodes often can be debilitating. In a previous
study involving 117 patients, 59% of patients were still
symptomatic despite treatment.3 Several surgical options
are available for those who fail medical therapy, including
phototherapeutic keratectomy (PTK) and epithelial
debridement with combinations of anterior stromal punc-
ture (ASP) or abrasion of superficial Bowman membrane
with a diamond-dusted rotating burr.4 Although previous
literature has described outcomes of each technique, there is
a paucity of data comparing the effectiveness of these tech-
niques, and there is no clear agreement on the best manage-
ment. Therefore, the purpose of this study was to compare
outcomes of PTK versus epithelial debridement combined
with ASP or abrasion with a burr for the treatment of RCES
in a large tertiary centre over the past decade. TaggedEnd
TaggedH1Methods TaggedEnd

TaggedPThis was a retrospective chart review of the tertiary cornea
clinics at the Toronto Western Hospital of the University
Health Network. Ethics approval was obtained from the
Institutional Review Board of the University Health Net-
work. Patients with a diagnosis of RCES of various etiolo-
gies who underwent a surgical procedure between January 1,
2009, and December 31, 2019, were included. TaggedEnd

TaggedH2Outcomes TaggedEnd

TaggedPData collected included demographics, ocular history,
prior medical treatment, prior ocular surgeries, type of surgi-
cal procedure for RCES, best-corrected visual acuity
(BCVA), time to epithelialization, recurrences, time to
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recurrence, and complications (Table 1). Dry eye disease
was assessed via fluorescein stain for tear breakup time and
superficial punctate keratitis. Recurrence was defined as
either an objective finding of a corneal epithelial defect or
symptoms suggestive of recurrent epithelial erosion on his-
tory (pain on awakening, blurred vision, and redness). Com-
plications including corneal haze, hyperopic shift greater
than 1.0 D, and infectious keratitis were collected. Com-
plete epithelial healing was assessed through time of ban-
dage contact lens (BCL) removal, and the percentage of
patients with complete epithelial healing at postoperative
week 1 visit was calculated. TaggedEnd
TaggedH2Surgical procedureTaggedEnd

TaggedPChoice of surgical procedure depended on patient presen-
tation and surgeon choice. If epithelial debridement was
chosen, then one of 3 experienced surgeons (D.S.R., C.C.
C., or A.R.S.) implemented their procedure of choice.
Superficial keratectomy was performed under topical anes-
thesia; a full limbus-to-limbus epithelial debridement was
performed with a rounded blade (64 or 57 beaver blade;
Beaver-Visitec International, Waltham, Mass.) down to the
Bowman layer. A full limbus-to-limbus epithelial debride-
ment was performed rather than focally because this was
thought to reduce recurrence. In cases where ASP was per-
formed following debridement, a 25-gauge needle was used
to puncture through Bowman’s membrane around the
affected area but not involving the central axis. Punctures
were created 0.5 mm apart. In cases where a diamond burr
was used, a handheld diamond burr with a large-diameter
polishing head (5.0 mm; Katena, Parsippany, NJ) was used
to gently polish Bowman’s membrane over the entire
TaggedEnd Table 1—Demographics of 97 eyes (73 patients)

Characteristics ED + ASP (n = 34)

Age (years), mean § SD 43 § 13
Male:female 14:20
Etiology of RCES

EBMD
Trauma
Idiopathic

22
10
2

Ophthalmic history (n = 97)
Dry eyes or MGD
Cataract
Glaucoma
Other (HSV, cystoid macular edema, CRVO)

0
0
1
0

Prior surgery
Cataract surgery
Refractive surgery
Other

0
2
0

Prior medical treatment for RCES
Preservative-free artificial tears (Muro 128)
Bandage contact lens

23
13

Prior surgical treatment for RCES
ED
ASP
ED + ASP
PTK

0
1
1
0

ED = epithelial debridement; ASP = anterior stromal puncture; PTK = phototherapeutic k
ment membrane dystrophy; MGD =Meibomian gland disease; HSV = herpes simplex viru
epithelial defect for approximately 10 seconds. PTK was per-
formed using a VISX Star S4 excimer laser (VISX Inc,
Santa Clara, Calif.). After removing the epithelium with
50% alcohol diluted with Balance Salt Solution (Alcon,
Fort Worth, Tex.) for 15 seconds, ablation was performed
with a 7 mm optical zone and an ablation depth of
5�10 mm depending on concern for hyperopic shift. If the
erosion was beyond a 7 mm area, ablation was decentred to
the central area covering the entire area of erosion. The
ablation rate was set according to the machine, and no tran-
sition zone was used. Following all procedures, a therapeutic
BCL (Acuvue, Markham, Ont.) was placed, and topical
antibiotics and topical steroids (tobramycin 0.3% and dexa-
methasone drops 0.1%; Alcon) were prescribed. TaggedEnd

TaggedPFollowing complete healing of the epithelial defect as
assessed by fluorescein stain and slit-lamp examination, the
BCL was removed, topical antibiotics were discontinued,
and topical steroids were decreased and then stopped over a
period of 4�6 weeks. Patients were routinely seen postoper-
atively at approximately 1 week, 1 month, and more fre-
quently if complete epithelialization was not achieved at
week 1. Patients were seen annually thereafter and were
encouraged to contact the clinic if there were symptoms of
recurrence. Patients from remote communities were coman-
aged with local ophthalmologists or optometrists and had
follow-up at their local eye doctor after the procedure. TaggedEnd
TaggedH2Statistical analysis TaggedEnd

TaggedPDemographics and outcomes were described using mean
and standard deviation or percentages as appropriate. The
BCVA was converted into logMARs and described using
mean and standard deviation. The x2 test or Fisher’s exact
ED + diamond burr (n = 33) PTK (n = 30) p Value

57 § 15 53 § 16 0.001
20:13 11:19 0.16

26
5
2

30
0
0

<0.001
0.002
0.54

4
2
0
2

5
0
1
2

0.03
0.3
0.76
0.46

5
0
2

1
0
0

0.02
0.33
0.33

20
5

26
9

0.09
0.09

2
0
0
0

1
4
0
2

0.52
0.04
0.99
0.09

eratectomy; RCES = recurrent corneal erosion syndrome; EBMD= epithelial base-
s; CRVO = central retinal vein occlusion

199



TaggedEndCan J Ophthalmol Volume 58, Number 3, June 2023
test was used for categorical variables, whereas analysis of
variance was used for continuous variables. A post hoc t test
was used for continuous variables as indicated. Statistical
significance was defined as p < 0.05. Statistical analysis was
performed using Stata 12.0 (StataCorp, College Station,
Tex.). TaggedEnd
TaggedH1Results TaggedEnd

TaggedPOverall, 97 eyes (73 patients) were included in the study.
Twenty-four patients underwent bilateral surgical proce-
dures, 6 of whom had same-day procedures. Mean age was
51 § 16.1 years, and 31 patients were male. Median follow-
up was 176 days. Dry eye disease and Meibomian gland dis-
ease was the most common ocular comorbidity (n = 9,
9.3%), followed by cataract and glaucoma (n = 2 each, 2%).
Ophthalmic surgical history included cataract surgery
(6.2%, n = 6 of 97) and laser refractive surgery (2.1%, n = 2
of 97). One patient had prior laser-assisted in situ keratomil-
eusis, and another patient had photorefractive keratectomy. TaggedEnd

TaggedPThe RCES was secondary to EBMD in 80% (n = 78 of
97) trauma in 15% of patients (n = 15 of 97) and remaining
was idiopathic (4%, n = 4 of 97). The idiopathic cases did
not have evidence of dry eye or Meibomian gland disease
and were not on glaucoma eye drops. Mean BCVA was 0.23
§ 0.24 logMAR preoperatively and 0.22 § 0.26 logMAR
postoperatively. A majority of eyes had undergone prior
medical therapy, including artificial tears and/or Muro 128
ointment (Bausch + Lomb, Rochester, NY; 71%). In some
cases, this was combined with application of a BCL (28%).
Of these, 11 eyes had undergone prior surgical procedure for
RCES at other centres, including ASP (n = 5), epithelial
debridement (n = 3), epithelial debridement and ASP
(n = 1), and PTK (n = 2). TaggedEnd

TaggedPThe surgical procedures are shown in Table 2. Epithelial
debridement with ASP was performed in 34 eyes, epithelial
debridement with diamond burr in 33 eyes, and PTK in 30
eyes. Prior to intervention, 11 eyes had prior surgical proce-
dures for RCES (7 for PTK, 2 each for the ASP and dia-
mond burr groups). Following intervention, there was a
significant difference in recurrence rate among the 3 groups
(p = 0.04; Fig. 1). Specifically, there was a higher rate of
recurrence following epithelial debridement combined with
TaggedEnd Table 2—Surgical procedure and recurrences

Characteristics Epithelial
debridement + ASP (n = 34)

Epithelial de
burr (n = 33)

Median follow-up (days) 189 (36�4105) 64 (7�1097)
Prior surgical treatment for
RCES (%)

5.9% (n = 2) 6.1% (n = 2)

Time to recurrence
(months)

0.9�15.6 1.8�15

Recurrence (%) 29.4% (n = 10)y 9.1% (n = 3)

ASP = anterior stromal puncture; RCES = recurrent corneal erosion syndrome
*p Value was calculated using either one-way analysis of variance for continuous variables or a x2 test for
yEpithelial debridement + ASP group had significantly higher values than the epithelial debridement + diam
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ASP (29.4%) compared with both PTK (10.0%, p = 0.048)
and epithelial debridement combined with diamond burr
(9.1%, p = 0.031). All recurrences occurred between 0.8
and 15.6 months postoperatively (Fig. 1). In the 11 eyes
with prior surgical procedures, 2 eyes (18%) had recurrence,
1 after receiving epithelial debridement with ASP and 1
with diamond burr. Comparing the etiology of RCES, 2 of
16 eyes with recurrence of RCES had prior trauma, whereas
14 of 16 eyes had EBMD. Additional procedures were per-
formed in 7 patients: 3 eyes in the epithelial debridement
with ASP group (1 each for epithelial debridement, epithe-
lial debridement with ASP, and PTK), 1 eye in the epithe-
lial debridement with diamond burr group (repeat epithelial
debridement), and 2 eyes in the PTK group (both repeat
PTK). TaggedEnd
TaggedH1Complications TaggedEnd

TaggedPTwo eyes developed corneal haze, 1 following epithelial
debridement with a diamond burr and 1 following PTK.
The haze was mild in both cases and did not require addi-
tional topical steroids. Hyperopic shift of 1 D occurred after
PTK in 2 eyes. No eyes developed corneal infiltrates. Using
available data, complete epithelial healing, as determined
through BCL removal at postoperative week 1, was
achieved for 66% (13 of 25), 97% (31 of 32), 84% (21 of
25) of ASP, diamond burr, and PTK patients, respectively
(p < 0.05 for ASP vs. diamond burr and PTK respectively).
All eyes achieved epithelialization by 60 days. TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPAlthough a variety of procedures can be performed for
RCES, few studies have reported combined outcomes of sur-
gical treatment. This study includes a large cohort of
patients with long-term follow-up. The epithelial debride-
ment with diamond burr group and PTK group had lower
recurrence rates, whereas the epithelial debridement with
ASP group had a significantly higher recurrence rate. The
epithelial debridement with ASP group also had signifi-
cantly longer time to complete epithelialization with
delayed BCL removal. TaggedEnd
bridement + diamond Phototherapeutic
keratectomy (n = 30)

p Value*

542 (51�3400) —

23.0% (n = 7) 0.06

0.8� 7.0 0.51

10.0% (n = 3) 0.04

categorical variables.
ond burr group and PTK group



TaggedFigure

Fig. 1—Recurrence rates of various procedures: epithelial debridement + anterior stromal puncture group had statistically significant
higher rate of recurrence than the epithelial debridement + diamond burr (p = 0.031) and phototherapeutic keratectomy groups
(p = 0.048). TaggedEnd
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TaggedPSeveral surgical methods for the treatment of RCES have
been described, including epithelial debridement alone, epi-
thelial debridement combined with alcohol delamination or
diamond burr, anterior stromal puncture, and PTK.5 In a
study by Suri et al.,4 involving 166 eyes with RCES, 82
required surgical treatment, including epithelial debride-
ment, diamond burr, ASP, or PTK; the majority underwent
epithelial debridement with a diamond burr (n = 68 of 82).
However, few studies have compared the outcomes among
various surgical techniques. Chan et al.6 examined 33
patients with RCES and found similar recurrence rates
between PTK and alcohol delamination (37.5% vs. 29.4%).
Another retrospective study of 41 eyes compared epithelial
debridement with diamond burr with PTK and found that
diamond burr had a lower recurrence and incidence of
haze.7 In this study, a majority of patients had RCES sec-
ondary to EBMD; when these patients are compared to
those with a traumatic etiology, they tend to have more
severe and chronic disease requiring surgical
intervention.3,8 However, most of these patients still
improved after surgery and did not have recurrences during
follow-up, reinforcing the value of surgical procedures in
patients with recalcitrant disease. TaggedEnd

TaggedPThe highest rate of recurrence occurred after epithelial
debridement combined with ASP. The superficial punctures
through Bowman’s layer are thought to promote the forma-
tion of firmer adhesions between epithelium and basement
membrane.5 Because it can induce scarring, ASP tends to
be used for peripheral lesions not involving the central
visual axis. This may have led to undertreatment of the
involved part of the cornea. Although ASP can be per-
formed alone or combined with epithelial debridement, pre-
vious studies have reported recurrence rates after ASP alone
of between 17% and 40%.9,10 To reduce the recurrence
rate, we routinely combine this procedure with epithelial
debridement. TaggedEnd
TaggedPEpithelial debridement combined with diamond burr had
a lower recurrence than ASP. Bowman’s layer is polished
with the diamond burr, which creates a slightly rough sur-
face for new epithelium to adhere to and may lead to faster
re-epithelialization.5,11 The polishing also may stimulate
reactive fibrosis, which allows stronger adhesion of epithe-
lium to stroma.11 Previous studies have reported recurrence
rates after diamond burr to be between 4% and 25%.4,10�12

In addition to having a lower recurrence (compared with
ASP), the diamond burr group also had the fastest time to
re-epithelialization in our study, with an average of 8 days.
This is consistent with the results of Vo et al.,13 who showed
that 81% of eyes had complete re-epithelialization within
10 days. However, vigorous polishing is not recommended
because it can damage Bowman’s layer and cause reactive
scarring.5 One patient in our study developed mild corneal
haze that was not visually significant and did not require
treatment with topical steroids. On review of the literature,
corneal haze has been reported after diamond burr in up to
40% in 1 study, but this improved to 4% at 6 months.11

Other studies have reported incidences of 22% and 26%.4,14

Most of these cases were mild and improved with time. TaggedEnd
TaggedPWith PTK, the excimer laser removes about 5�10 mm of

the stroma of Bowman’s layer to create a smooth surface
with a microscopic roughness that may encourage epithelial
attachment. The recurrence rate is comparable to that of
diamond burr, reported at 11%, 13.8%, 23%, and 36% in
different studies.15�18 In our study, PTK was used for
patients with more severe disease, as reflected by a greater
proportion of patients who underwent a prior surgical proce-
dure for RCES, although this was not statistically signifi-
cant. All eyes that had undergone prior surgical procedures
had complete resolution of RCES symptoms after PTK, sug-
gesting the value of repeat treatment. Deeper ablations can
be associated with corneal haze and refractive shift.2 There
was a hyperopic shift of 1 D in 2 patients. The use of larger
201
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treatment zones and fewer pulses has been advocated to
minimize refractive shift.19 Alternately, a small hyperopic
treatment of +0.5 D may counter this shift, as well as enlarg-
ing the treatment area to 9 mm. Compared with epithelial
debridement with ASP, PTK had a significantly lower recur-
rence rate and should be considered as an initial surgical
treatment for RCES or as an alternate to diamond burr.
However, it requires a laser and thus may be less accessible
and more expensive. In addition to these techniques, epi-
thelial debridement also has been combined with alcohol
delamination to reduce recurrence, with 92% of patients
(11 of 12) remaining symptom free over follow-up ranging
up to 40 months in 1 study.20 However, we did not include
this in our analysis because this procedure was not routinely
performed at our centre. Further studies comparing a greater
variety of surgical methods may be needed.TaggedEnd

TaggedPThis study has several limitations, first of which is its ret-
rospective nature. Furthermore, each surgeon had a pre-
ferred technique; as such, this may have led to a selection
bias. Two surgeons had access to a laser and performed both
epithelial debridement and PTK. PTK was preferred for
recurrences, whereas ASP was performed for noncentral
lesions. Although the choice of surgical procedure was
largely surgeon dependent, the preoperative demographics
were mostly similar among the 3 groups. Both eyes from the
same patient were also included in the study, which may
affect results. Lastly, we did not examine patients in indirect
illumination by dilated pupil for the idiopathic cases. We
also did not differentiate between different types of EBMD
such as maps, maps and Cogan dots, fingerprint lines, and
Bron’s blebs. However, these subtypes all have similar mech-
anisms of recurrent erosions and thus should respond to
treatment similarly. TaggedEnd
TaggedH1Conclusions TaggedEnd

TaggedPMultiple procedures are available and effective for the treat-
ment of RCES. The decision for intervention is multifacto-
rial, involving consideration of risks, cost, equipment
available, surgeon preferences, and nature of the pathology.
Compared with epithelial debridement with ASP, epithelial
debridement with diamond burr and PTK have significantly
lower rates of recurrence and shorter times to epithelializa-
tion and thus may be suitable first options for surgical man-
agement of RCES.TaggedEnd
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