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ORIGINAL ARTICLE
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Paula Virginia Brom dos Santos Soares' &/, Elisa Moya Kazmarek'“,
Elisabeth Brandao Guimaraes' ', Marizilda Rita de Andrade'"’, Renato Giovedi Filho'“,
Bernardo Kaplan Moscovici*?

1.Department of Ophthalmology, Santa Casa de Misericérdia de S&o Paulo, S&o Paulo, SP, Brazil.
2. Department of Ophthalmology, Hospital Laser Vision, Santos, SP, Brazil.
3. Department of Refractive Surgery, Laser Ocular - HOlhos ABC, Santo André, SP, Brazil.

ABSTRACT

Purpose: To compare clinical outcomes associated with different intraoperative mitomycin C exposure
times during photorefractive keratectomy for myopia and astigmatism correction. Methods: This pros-
pective, comparative, contralateral-eye study included 41 patients (82 eyes), comprising 28 eyes with
ablation <6oum and 13 eyes with ablation >6o0um, who underwent photorefractive keratectomy with
varying mitomycin C application times based on ablation depth. In eyes with ablation <6oum, mitomycin
C was applied for 15 s in one eye and 30 s in the fellow eye. In eyes with ablation >6oum, mitomycin C
was applied for 30 sin one eye and 60 s in the fellow eye. Outcomes included visual acuity, postoperative
pain (visual analog scale), subjective tearing, corneal haze, and refractive results at 3 months. Results:
No statistically significant differences were observed between mitomycin C application times within
either group for postoperative pain, tearing, visual acuity, refractive outcomes (spherical, cylindrical,
and spherical equivalent), or haze prevalence (p>0.05 for all comparisons). Visual acuity improved in all
groups, and no eyes lost 22 lines of corrected distance visual acuity. Conclusions: Shorter mitomycin C
exposure times (15 or 30 s) appear to be as effective and safe as longer durations (30 or 60 s) for haze
prevention after photorefractive keratectomy without compromising refractive outcomes or increasing

postoperative discomfort at 3-month follow-up.

KEYWORDS: Mitomicin/therapeutic use; Photorefractive keratectomy; Lasers, excimer; Intraoperative

period; Miopia/surgery; Astigmatismo/surgery; Corneal opacity; Postoperative pain; Comparative study

INTRODUCTION

Photorefractive keratectomy (PRK) is widely used for the correction of ametropia.
The procedure involves epithelial removal using a spatula, rotating brush, or diluted
alcohol, followed by laser ablation of the exposed stroma(3. However, PRK is
associated with slower visual recovery and more intense postoperative pain during the
first few days, primarily due to exposure of corneal nerves and the release of cytokines
and other inflammatory mediators after surgeryG®.

PRK is also associated with several complications, including regression, hypo- or
overcorrection, corneal haze, corneal ectasia, decentered ablation, and higher-order
aberrations. Among these, corneal haze (subepithelial fibrosis) is one of the most
common. Corneal transparency depends on the highly organized structure and
distribution of collagen fibers and keratocytes as well as their phenotypic stability7).
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Haze results from an abnormal wound-healing response
following epithelial and stromal injury, accompanied
by inflammation that promotes keratocyte migration,
proliferation, and differentiation into myofibroblasts. This
process leads to disorganized collagen deposition and
stromalfibrosis, resultinginreduced corneal transparency:®.

Risk factors for haze development include higher
ablation depth, delayed re-epithelialization, and stromal
irregularity®. Clinically, two types of corneal haze have
been described: type 1, which appears 1-3 months after
surgery and usually resolves within 1 yr, and type 2, which
appears after 3 months, may persist for more than 3 yr,
and is considered late-onset corneal opacity®. Preventive
strategies include intraoperative mitomycin C (MMC),
postoperative corticosteroid eye drops, topical nonsteroidal
anti-inflammatory drugs, oral vitamin C, and ultraviolet
protection(®9.

MMC was first introduced in ophthalmology in 1963
as an adjunct to pterygium excision. Its prophylactic use
in PRK to reduce haze formation is well established, with
demonstrated safety and efficacy as an adjuvant therapy™.
MMC inhibits keratocyte activation and differentiation
into myofibroblasts and reduces disorganized extracellular
matrix deposition within the corneal stroma(. These effects
are achieved through direct application to the stromal bed
after photoablation, typically at a concentration of 0.02%
for 12 s to 2 min(3),

MMC has a broad range of applications in ophthalmology,
including glaucoma surgery, strabismus surgery, pterygium
excision, conjunctival and corneal neoplasms, ocular
cicatricial pemphigoid, vernal keratoconjunctivitis, and
refractive procedures. Reported adverse effects include
photosensitivity, ocular pain, corneal edema, conjunctival
hyperemia, punctal occlusion, scleral thinning, and, rarely,
perforationo),

Despite its established use, there is no consensus regar-
ding the optimal MMC regimen in PRK, and substantial
variability remains in clinical protocols®"™. Although most
studies use MMC at a concentration of 0.02%, exposure times
vary widely, ranging from approximately 10-15 s to 1-2 min,
particularly in eyes at higher risk for haze development(522),

Because greater ablation depth and higher degrees of
ametropia are associated with a stronger wound-healing
response, longer MMC exposure times have traditionally
been used in these cases to enhance suppression of
keratocyte activity®>7"'5'). However, recent comparative
studies suggest that shorter exposure times may also be
effective, raising questions about the additional benefit of
prolonged application(722),

Arq Bras Oftalmol. 2026;89(4):¢2025-0313

Given this variability and lack of standardization, this
study aimed to compare the effects of different MMC
exposure times on refractive outcomes, postoperative pain,
tearing, and corneal haze following PRK surgery.

METHODS

Study design

This prospective, contralateral-eye, comparative study
analyzed the medical records of patients who underwent
PRK between September 2023 and March 2024. All patients
provided written informed consent before surgery. The
study protocol was approved by the institutional Research
Ethics Committee (Protocol No. 82515124.8.0000.5479).

Inclusion and exclusion criteria

Patients were eligible if they were aged =21 yr, had
documented refractive stability for at least 12 months
before surgery, and had no contraindications for refractive
surgery based on Scheimpflug tomography (Pentacam;
Oculus, Wetzlar, Germany). All included patients had a best-
corrected visual acuity of 20/20 or better. Both eyes were
required to have the same planned ablation depth (either
both <6opm or both >6opm).

Patients were excluded if the residual stromal bed
thickness after ablation was <350 pm, if tomography showed
signs of corneal ectasia orirregularity, orif there was a history
of ocular trauma, previous ocular surgery, or systemic/ocular
conditions affecting corneal healing (e.g., collagen vascular
disorders, diabetes mellitus, or severe dry eye disease).
Patients with lens opacities, retinal disease, glaucoma,
or planned monovision correction were also excluded. In
addition, patients with anisometropia or different ablation
depths between eyes (threshold: 60 um) were excluded.

Preoperative assessment

All patients underwent a standardized preoperative
evaluation. Uncorrected and best-corrected visual acuity
were measured using a 6-m Snellen chart. Manifest and
cycloplegic refractions were obtained using an autorefractor
followed by manual refinement. Corneal tomography was
performed using the Pentacam system (Oculus, Wetzlar,
Germany). A complete ophthalmological examination was
performed in all cases.
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Surgical technique

All procedures were performed as sequential bilateral
PRK by the same experienced surgeon using the Schwind
Amaris 1050s excimer laser (Schwind, Kleinostheim,
Germany). After topical anesthesia with 0.5% proparacaine
hydrochloride, the corneal epithelium was mechanically
removed using a blunt spatula. Excimer laser ablation was
then performed according to the patient’s refractive error
and standard surgical MMC; 0.02%) was applied directly
to the stromal bed after ablation, with exposure times
determined by ablation depth. In corneas with an ablation
depth <60 ym (Group 1), MMC was applied for 15 s in the
right eye (OD) and 30 s in the left eye (OS). In corneas with
an ablation depth >60 um (Group 2), MMC was applied for
30 s in the OD and 60 s in the OS. These exposure times
were based on the institutional protocol.

After MMC application, the corneal surface was irrigated
with 20 mL of balanced saline solution. A therapeutic contact
lens (PureVision 2; Bausch & Lomb, Rochester, New York) was
then placed, and a protective rigid eye shield was applied.

Postoperative care and follow-up

All patients followed a standardized postoperative
regimen. This included topical moxifloxacin 0.5% and
dexamethasone 1% eye drops every 4 h, ketorolac tro-
methamine 0.5% eye drops every 12 h, and preservative-free
lubricating drops every 4 h. Oral analgesics (paracetamol
500 mg and codeine 30 mg) were prescribed as needed for
pain control.

Patients were examined on postoperative days 1, 7, and
30, and at 3 months. At each visit, pain was assessed using a
visual analog scale (0=no pain; 10=worst pain). Patients were
also asked to compare tearing between eyes (less, equal, or
greater tearing).

Comparison between MMC times in group 1.

At the 3-month visit, corneal haze was evaluated by
slit-lamp biomicroscopy and graded using the Fantes scale.
For statistical analysis, haze was categorized as present or
absent (any grade >0)®). Refractive outcomes, including
spherical, cylindrical, and spherical equivalent (SE), were
also recorded.

Statistical analysis

Statistical analyses were performed using R software
(version 4.2.0; R Foundation for Statistical Computing,
Vienna, Austria). Descriptive statistics (mean, standard
deviation, median, and interquartile range) were calculated
for all variables.

Comparisons between MMC exposure times were per-
formed using the Mann-Whitney U test for continuous
variables and the chi-square test for categorical variables.
A p-value < 0.05 was considered statistically significant.

RESULTS

A total of 41 patients were included and divided into
two groups according to corneal ablation depth. Group 1
comprised 28 eyes with an ablation depth <60 um, whereas
Group 2 comprised 13 eyes with an ablation depth >6oum. In
Group 1, the mean age was 31+ 6 yr (range: 24-43 yr), and 19
patients (68%) were women. In Group 2, the mean age was 28
+ 3 yr (range: 24-35 yr), and six patients (46%) were women.

Group 1: Comparison of 15-s versus 30-s MMC application
times

Pain was evaluated on postoperative days (PO) 1 and 7.
On PO day 1, the mean pain scores were 2.14 +2.81and 2.07 *
2.94in the 15-and 30-s MMC groups, respectively (Table 1). By
PO day 7, mean pain scores decreased to 0.25 + 0.59 and 0.57
+ 1.26, respectively. No statistically significant differences
were observed between the two MMC exposure times.

15 s (N=28) 30s (N=28)
Variable p-value
Mean (D.P) Medium [Min; Max] Mean (D.P) Medium [Min; Max]

Pain: 1st postoperative. 2.14 (2.81) 0.00 [0.00; 4.00] 2.07(2.94) 0.00[0.00; 4.00] 0.857
Pain: 7th postoperative day 0.25 (0.59) 0.00[0.00; 0.00] 0.57 (1.26) 0.00[0.00; 0.00] 0.579
Spherical 0.70 (0.54) 0.75[0.38; 1.00] 0.65(0.38) 0.62[0.50; 0.81] 0.697
Cylinder -0.25 (0.34) 0.00[-0.38; 0.00] -0.30(0.35) -0.25[-0.50; 0.00] 0.643
EE 0.62 (0.52) 0.75[0.25; 1.00] 0.54 (0.43) 0.50 [0.25; 0.81] 0.544
Haze: 0.733
No 14 (66.7%) 16 (76.2%)

Yes 7(33-3%) 5(23-8%)
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Refractive outcomes were assessed using spherical, cy-
lindrical, and SE values. Mean spherical values were 0.70
* 0.54 D and 0.65 = 0.38 D in the 15- and 30-s groups, res-
pectively (Table 1). Mean cylindrical values were -0.25 + 0.34
D and -0.30 * 0.35 D, respectively. Mean SE values were
0.62 * 0.52 D and 0.54 * 0.43 D, respectively. No statistically
significant differences were found between groups for any
refractive parameter.

Corneal haze was observed in 33.3% of eyes in the 15-s
group and 23.8% of eyes in the 30-s group (Table 1). Most
eyes (66.7% and 76.2%, respectively) showed no haze at the
3-month follow-up. The difference in haze prevalence was
not statistically significant.

Tearing differences between the eyes are shown in
figure 1. On PO day 1, 61% of patients reported equal tearing
in both eyes, while 14% reported greater tearing in the 15-s
eye and 25% in the 30-s eye. By PO day 7, 89% of patients
reported equal tearing, whereas 4% and 7% reported greater
tearing in the 15-s and 30-s groups, respectively. By PO day
30, no differences in tearing were observed between eyes.

Group 2: Comparison of 30-s versus 60-s MMC application
times

Pain scores on PO day 1 were 3.15 * 3.31 and 4.15 * 3.74
in the 30- and 60-s MMC groups, respectively (Table 2). On
PO day 7, mean pain scores decreased to 0.77 + 1.24 and 1.54
+ 2.37, respectively. However, these differences were not
statistically significant.

Mean spherical values were 1.22 * 0.91 D and 1.30 * 0.81
D in the 30- and 60-s groups, respectively (Table 2). Mean
cylindrical values were -0.33 * 0.41 D and -0.52 * 0.62 D,

Tearing in Postoperative Periods for Group 1

Tearing Distribution
mmm Tearing Larger in Eye (15 s MMC)
W Tearing Equal in Both Eyes

mmm Tearing Larger in Eye (30 s MMC)

25

20

15

10

Number of Patients

1st Postoperative Day

7th Postoperative Day
Time Period

Tearing in the first and seventh postoperative periods of patients in group 1.
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respectively. Mean SE values were 1.08 * 0.77 D and 1.07 *
0.69 D, respectively. No statistically significant differences
were observed between groups for any refractive parameter.

Corneal haze was observed in 30% of eyes in both the 30-
and 60-s groups, while 70% showed no haze at the 3-month
follow-up (Table 2).

Tearing outcomes are shown in figure 2. On PO day 1, 61%
of patients reported equal tearing between eyes, while 23%
reported greater tearing in the 30-s eye and 16% in the 60-s
eye. By PO day 7, 85% reported equal tearing; none in the 30-s
group and 15% in the 60-s group reported greater tearing. By
PO day 30, no differences in tearing were observed.

Figures 3 and 4 summarize visual and refractive outcomes
at 3 months. In both groups, uncorrected distance visual
acuity improved significantly, with most eyes achieving 20/20
or better (Figures 3A, 3F, 4A and 4F). All eyes maintained or
improved corrected distance visual acuity, with no eye losing
two or more lines (Figures 3B, 3G, 3G, 3H, 4B, BC, 4G and 4H).

The accuracy of SE correction was high in both groups,
with most eyes within #1.00 D of target refraction (Figures
3D, 31, 4D, and 4l). Postoperative astigmatism decreased in
most eyes compared with preoperative values, with similar
outcomes in both cohorts (Figures 3E, 3J, 4E, and 4J).

DISCUSSION

The literature consistently supports PRK as a safe and
effective procedure with good visual outcomes. However,
complications such as corneal haze and refractive variability
remain concerns, mainly related to corneal wound healing.
In some cases, intentional undercorrection has been used
to minimize the risk of postoperative hypercorrection.
The prophylactic use of intraoperative MMC has become
widely adopted to reduce haze formation, with multiple
studies demonstrating its efficacy and safety(”3??, Oliveira
et al.”? demonstrated that MMC significantly reduces haze
compared with placebo, without evidence of toxicity,
contributing to its widespread use in refractive surgery.

Corneal haze remains the primary concern after PRK
due to its effect on visual quality. A systematic review and
meta-analysis confirmed that MMC significantly reduces the
incidence of corneal opacity®. Earlier studies reported that
0.02% MMC applied for 2 min reduced haze in high myopia
cases, with minimal residual haze resolving during follow-
up®). Other studies have shown that shorter exposure times
(12-15 s) may be equally effective compared with longer
durations (60-120 ), although some reports suggest that
efficacy may depend on both concentration and exposure
time(?,
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Table 2. Comparison between MMC times in group 2

30s (N=13) 60 s (N=13)
Variable p-value
Mean (D.P) Medium [Min; Max] Mean (D.P) Medium [Min; Max]

Pain: 1st postoperative. 3.15(3.31) 3.00[0.00; 5.00] 4.15 (3.74) 4.00 [1.00; 8.00] 0.419
Pain: 7th postoperative day 0.77 (1.24) 0.00[0.00; 1.00] 1.54 (2.37) 0.00[0.00; 2.00] 0.492
Spherical 1.22 (0.91) 1.25[0.75; 1.50] 1.30 (0.81) 1.25[1.06; 1.25] 0.934
Cylinder -0.33(0.41) 0.00 [-0.75; 0.00] -0.52(0.62) -0.50 [-0.75; 0.00] 0.600
EE 1.08 (0.77) 1.00[0.75; 1.50] 1.07 (0.69) 1.12[0.81; 1.25] 0.934
Haze: 1.000
No 7 (70.0%) 7 (70.0%)

Yes 3(30.0%) 3(30.0%)

Tearing in Postoperative Periods for Group 2

Tearing Distribution
mmm Tearing Larger in Eye (30 s MMC)
10 mmm Tearing Equal in Both Eyes
mmm Tearing Larger in Eye (60 s MMC)

Number of Patients

1st Postoperative Day

7th Postoperative Day
Time Period

Figure 2. Tearing in the first and seventh postoperative periods of patients in group 2.

Inthe present study, no statistically significant differences
were observed between MMC exposure times (15 vs. 30 s in
Group 1and30vs. 60sin Group 2). These findings support the
hypothesis that shorter MMC exposure times are sufficient
to prevent haze after PRK and are consistent with previous
reports in the literature.

Postoperative pain after PRK is primarily related to
epithelial removal and corneal nerve injury, leading to the
release of inflammatory mediators®. In this study, pain and
tearing were more pronounced on PO day 1 and decreased
by PO day 7. However, no significant differences were found
between MMC exposure times. These findings suggest that
MMC does not increase postoperative discomfort, which
is consistent with previous reports indicating that pain
is mainly related to epithelial healing rather than MMC
application. It should be noted that oral analgesics were
prescribed as needed, which may have influenced pain
perception and reduced differences between eyes. In
addition, the tearing assessment was subjective, which may
introduce reporting bias.

The effect of MMC on refractive outcomes remains
controversial. Some studies report improved predictability,
whereas others show no differences or increased
variability®™. In the present study, no statistically significant
differences were observed in spherical, cylindrical, or SE
values between MMC exposure times in either group. These
findings suggest that refractive outcomes are more strongly
influenced by individual healing characteristics and corneal
biomechanics than by MMC duration.

Concerns regarding MMC-induced hypercorrection
have been raised; however, no consistent refractive shift
was observed in this study. These findings are consistent
with Hofmeister et al.t®, who reported that shorter MMC
exposure does not compromise refractive predictability.
Similarly, Chang et al.®™) found no significant differences
between MMC-treated and non-treated eyes.

In contrast, Ghanem et al.®® reported a tendency
toward hypercorrection in MMC-treated eyes, while Sy et
al.»?) suggested that refractive variability may be related
to corneal biomechanical differences rather than MMC
exposure time. These findings highlight that patient-specific
factors may play a greater role than MMC duration in
determining refractive outcomes®2),

Overall, no significant differences were observed in pain,
refractive outcomes, haze incidence, or tearing between
different MMC exposure times. These results suggest that
shorter MMC application times (15-30 s) are as effective as
longer durations (up to 60 s) in preventing haze, without
compromising refractive predictability or postoperative
comfort.

This study has limitations, including a relatively small
sample size and a short follow-up period of 3 months, which
may not capture late-onset haze. Group 2 included a limited
number of patients, which may reduce statistical power.
In addition, the tearing assessment was subjective, and as-
needed analgesic use may have influenced pain scoring in
this contralateral-eye design.
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Despite these limitations, the findings support the clinical
equivalence of shorter MMC exposure times compared with
longer durations. This reinforces the trend toward more
conservative and individualized MMC use in PRK. MMC
remains an effective and safe adjunct in refractive surgery,
contributing to reduced haze formation and improved
visual outcomes.
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