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Aim: To evaluate the effect of topical vitamin A supplementation on corneal re-epithelialization
time, postoperative pain, visual acuity, and haze following photorefractive keratectomy (PRK).
Patients and methods: This prospective study included 32 patients. For each patient, one
eye was randomized to the vitamin A group and the fellow eye to the non-vitamin A group
(control group). Eyes in the vitamin A group received perioperative topical vitamin A (retinol
palmitate, 250 1U/g VitAPOS eye ointment [AFT Pharmaceuticals Pty, Ltd, Sydney, NSW,
Australia]) in addition to the classic treatment for PRK. Clinical outcomes were evaluated up
to 3 months after PRK.

Results: There was no difference in the mean time to complete healing between the vitamin A
group and the control group (3.36 = 0.6 days in the control group; 3.42 = 0.7 days in the vitamin
A group; P = 0.854). Mean postoperative pain at the 48-hour visit was 4.35 £ 1.42 over 10 in
the control group, and 4.42 + 1.37 over 10 in the vitamin A group, with no difference between
the two groups (P = 0.589). Subepithelial haze evaluated at 3 months postoperatively did not
differ between the two groups (P = 0.960). Also, visual and refractive outcomes were not dif-
ferent between the two groups 3 months postoperatively.

Conclusion: Topical vitamin A supplementation did not affect re-epithelialization time,
postoperative pain, corneal haze formation, or visual outcomes after PRK.
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Introduction

Surface ablation has been proven to be an effective means of correcting error of
refraction; it is less invasive than laser in situ keratomileusis and does not structur-
ally weaken the cornea.! However, it is associated with significant postoperative pain,
slower visual recovery, and corneal haze. Several modifications of the conventional
photorefractive keratectomy (PRK) procedure have been introduced to reduce the side
effects of surface ablation. Most of these modification focused on the ways of remov-
ing the corneal epithelium (for example, Amoils brush [Innovative Excimer Solutions,
Toronto, OT, Canada], mechanical abrasion, alcohol use, excimer laser), but very few
studies focused on promoting epithelial healing after the surgery.?

Epithelial healing promoting factors such as vitamin A play an essential role in
epithelial growth and limbal stem cell differentiation, and therefore promote corneal
wound healing.®> The lack of vitamin A in corneal tissues can result in abnormal
differentiation of epithelial cells, resulting in keratinization, ulceration, epithelial
squamous metaplasia, and a deficiency of conjunctival goblet cells.** The recognition
of xerophthalmia and keratomalacia, related to vitamin A deficiency, as an important
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public health problem in many developing countries triggered
many studies on the use of retinoids for ocular surface dis-
eases.® For this reason, topical retinoids have been tested as
pharmacological agents for the treatment of ocular surface
diseases involving wound healing, squamous metaplasia, or
dry eye; the results of the studies were encouraging.”

Vitamin A used topically and orally has been reported to
speed epithelial healing, but there is no study in the literature
to date that has examined the role of topical vitamin A in
promoting epithelial healing after refractive surgery. There
is only one clinical trial in the literature of oral high-dose
vitamin A and vitamin E supplementation after PRK, and the
study showed faster epithelial healing when oral vitamin A
and vitamin E were used.!® The present study compares
epithelial healing, postoperative pain, and the incidence of
haze on surface ablated corneas in refractive surgery when
vitamin A (retinol palmitate) is used topically.

Patients and methods

This prospective, comparative, non-blinded study included
32 consecutive myopic patients (spherical equivalence less
than —1.00 diopters [D]) operated using PRK at the Laser
Vision Center, Beirut, Lebanon, between July 2012 and
December 2012. In addition to the routinely prescribed regi-
men post-PRK surgery, randomization was done to add topical
vitamin A to the treatment between the first and the fellow eye;
32 eyes were treated by the classic regimen post-PRK surgery
(non-vitamin A/control group: 16 right eyes and 16 left eyes)
and 32 fellow eyes (vitamin A group: 16 right eyes and 16 left
eyes) were given topical vitamin A preoperatively and post-
PRK surgery (in addition to the classic regimen). All surgeries
were done by the same surgeon (EC).

Preoperative examinations included a full eye exami-
nation with uncorrected visual acuity (UCVA) and best
spectacle-corrected visual acuity (BCVA), manifest and
cycloplegic refraction, slit-lamp examination, pachym-
etry, applanation tonometry, Scheimpflug analysis video
keratometry readings (Galilei; Ziemer Ophthalmic Sys-
tems AG, Port, Switzerland), ocular aberrations (Ocular
Wavefront Analyzer; Schwind Eye-Tech Solutions, GmbH,
Kleinostheim, Germany), and a fundus examination. Tear
function was assessed using a Schirmer’s test without corneal
anesthesia, and the fluorescein tear breakup time. We also
studied the corneal tear film and ocular surface regularity
with fluorescein staining.

The physician explained the procedure to the patients and
answered all their questions. All patients signed informed
consent about the procedure before surgery, and agreed to

be included in this study. The review board committee of the
Laser Vision Center, Beirut, Lebanon, approved the study.

The exclusion criteria were: patients with unstable errors
of refraction, those with spherical equivalent errors >6.0 D,
those with anterior segment pathology or with any evidence
of lid disease, patients with keratoconus or any irregularity
in the topography, those with a past history of keratitis, and
those who had previous intraocular or corneal surgeries. Soft
contact lenses were discontinued for a minimum of 3 days,
and hard lenses for a minimum of 3 weeks before examina-
tion and treatment.

Surgical procedure

Patients were given 5 mg of diazepam (Valium®, Roche, Italy)
orally 30 to 60 minutes before the start of the procedure.
One drop of proparacaine (Novocaine®, Hospira, Inc., Lake
Forest, IL, USA) and one drop of ofloxacin (Oflox®; Aller-
gan Pharmaceuticals, Irvine, CA, USA) were instilled in the
eye on three occasions at 5-minute intervals. The eyes were
then scrubbed and draped, and a closed-loop lid speculum
equipped with suction was placed between the lids of the
eye to be treated. The other eye was occluded. The laser used
was the VISX S4 Custom Vue Laser (Abbott Medical Optics,
Santa Ana, CA, USA). The optical zone was between 6 mm
and 7 mm in both series, and the transition zone (varying
from 0.36 mm to 2.24 mm) was calculated according to the
nomogram of the ORK-CAM (optimized refractive keratec-
tomy — custom ablation manager) based on age, keratometric
readings, and the error of refraction.

PRK was performed by placing an 8 mm or 9 mm well
on the cornea. Twenty percent of ethyl alcohol was used
for 25 seconds to 30 seconds to loosen the epithelium,
which was then scrapped off using a WEDK-CEL® sponge
(Beaver-Visitec, Waltham, MA, USA). The cornea was rinsed
with balanced salt solution, and a dry MEROCEL sponge
(Beaver-Visitec) was used to peel the epithelium from the
eye. The eye was focused and centered on the optical axis
and the treatment was delivered. Intraoperative and post-
operative pain was assessed at the end of surgery, and was
monitored daily until full epithelial healing was noted using
the Visual Assessment Pain Score (VAPS), which measures
subjective pain intensity on a scale from 0 (no pain) to 10
(worst pain). This scale was validated for the assessment of
pain scores.!!

Haze was graded using the system described by Fantes
etal'? (0=no haze; +0.5 = trace haze on oblique illumination;
+1 = corneal cloudiness not interfering with the visibility
of fine iris details; +2 = mild effacement of fine iris details;
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+3 and +4 = details of the lens and iris not discernible).
The evaluation was done by the same ophthalmologist, and
values at 3 months were considered for comparison between
the two categories.

Postoperative care and follow-up

After laser ablation, a high-oxygen-content (50%) soft contact
lens was placed on the cornea (Acuvue® Oasys®; Johnson &
Johnson, Jacksonville, FL, USA), followed by one drop each
of a topical antibiotic (ofloxacin, Oflox®; Allergan Inc, Irvine,
CA, USA), atopical steroid (PRED FORTE®, Allergan Inc),
and a topical nonsteroidal anti-inflammatory (Indocollyre;
Bausch & Lomb, Hong Kong). Patients were given predni-
sone drops to use four times per day, gatifloxacin drops to
use four times per day, nonsteroidal anti-inflammatory drops
to use three times per day, and preservative-free artificial
tears to use every hour.

The vitamin A group treatment consisted of starting
retinol palmitate to the eye at concentrations of 250 1U/g of
a petrolatum-based ophthalmic ointment vehicle (VitA-POS®
ointment; Urspharm GmbH & Co, KG, Saarbriicken,
Germany) four times per day for 4 days prior to the day of
surgery and continued for up to 2 weeks postoperatively.
The non-vitamin A group (control group) did not receive
any. Epithelial healing was assessed on the second day
postoperatively (at 48 hours), then daily using the slit-lamp
and fluorescein staining, until complete epithelial healing
occurred. Epithelial defect and healing were recorded as a
sketch on the patient’s chart. An epithelial-healing score was
devised, rating the healing from 0 to 10 over time, depending
on the defect remaining (10 is equivalent to complete healing
—100% of the initial total epithelial defect [remaining at the
end of surgery] has healed, and 0 is equal to total closure of
the defect). The daily subjective assessment of pain reported
by the patient using the VAPS was also taken.

Once the epithelium had completely healed, the thera-
peutic contact lens was removed from the cornea, the non-
steroidal drops were stopped, the antibiotic drops and topical
vitamin A were kept for an additional 4 days, while the steroid
drops were tapered progressively over the next 4 weeks. On
each follow-up visit (on day 2, daily until the epithelium
healed; at 1 week; at 1 month; and at 3 months), UCVA,
BCVA, and corneal clarity were assessed.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences version 13.0 (SPSS version
13.0; SPSS Inc., Chicago, IL, USA). The Student’s #-test for

unpaired data was used to compare all parameters between
the two groups. A chi-square test was used to compare the
association between categorical variables. P-values < 0.05
were considered statistically significant.

Results

Preoperative patient characteristics

The average preoperative UCVA was 0.29 £ 0.14 in the con-
trol group and 0.31 £ 0.1 in the vitamin A group (P =0.543).
The average preoperative BCVA was 0.018 £ 0.003 in the
control group and 0.02 + 0.002 in the vitamin A group
(P=0.267). Preoperative intraocular pressure, central corneal
thickness, and topography-simulated keratometric values
were 14.8 £ 1.2 mmHg, 522 + 32.6 um, and 42.51/44.23 D,
respectively, in the control group, and 13.68 + 3.2 mmHg,
519 + 28 um, and 42.16/44.41 D, respectively, in the
vitamin A group (P = 0.672, P = 0.749, P = 0.860, and
P =0.865, respectively). Mean preoperative Schirmer exami-
nations without anesthesia were 15.72 £+ 2.6 mm/5 minutes
in the control group, and 16.89 + 1.8 mm/5 minutes in the
vitamin A group (P = 0.402).

The average spherical error was —3.22 £ 1.4 D in the
control group, and —3.51 £ 1.2 D in the vitamin A group
(P = 0.429). The average cylinder in the control group
was 0.97 £ 0.7 D, whereas in the vitamin A group it was
0.75£ 0.6 D (P =0.910). Mean treatment optical zone was
6.85 mm for the control group, and 6.81 mm for the vitamin
A group (P =0.390). Mean intraoperative pain score using
the VAPS was 1.3 in the control group and 1.6 in the vitamin
A group (P=0.901).

Postoperative values

The epithelial healing score at 48 hours was 84.1% in the
control group, and 82.8% in the vitamin A group (P=10.7006).
The healing score at day 3 was 97.2% in the control group,
and 95.3% in the vitamin A group (P =0.603). The mean time
to complete healing in the control group was 3.36 £ 0.6 days,
whereas in the vitamin A group it was 3.42 £ 0.7 days
(P = 0.854). In fact, 26 eyes healed at the third day, two
eyes at the second day, and four eyes at the fourth day in
the non-vitamin A group; 27 eyes healed at the third day,
one eye at the second day, and four eyes at the fourth day in
the vitamin A group. No statistically significant difference
was found between the two groups (P = 0.838). No delayed
healing was noted. Mean postoperative pain at the 48-hour
visit was 4.35 + 1.42 out of 10 in the control group, and
4.42 £ 1.37 out of 10 in the vitamin A group (P = 0.589).
The mean UCVA at 48 hours, 5 days, 1 week, and 1 month
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Table | Postoperative patient characteristics

Non-vitamin A Vitamin A P-value
(control) group group
Spherical error (D) -0.35+0.81 —0.38 £ 0.69 0.377
3 months
Cylinder (D) 3 months 0.51 £0.54 0.59 £ 0.6l 0511
UCVA 48 hours 037 £0.11 0.36 £ 0.09 0.252
UCVA 7 days 0.14+0.012 0.12+£0.014 0522
UCVA | month 0.07 £0.012 0.06 +0.008 0.322
UCVA 3 months 0.023 £ 0.001 | 0.04 +0.0012 0.433
BCVA 3 months 0.026 £ 0.0014 0.028 + 0.0016 0.508
Mean postoperative pain ~ 4.35 + 1.42 442 £ 1.37 0.589
at 48 hours (out of a
total score of 10)
Mean healing time (days)  3.36 + 0.6 342+0.7 0.854

Abbreviations: D, diopters; UCVA, uncorrected visual acuity; BVCA, best
spectacle-corrected visual acuity.

are shown in Table 1. The average spherical error at 3 months
was —0.35+ 0.81 D in the control group, and —0.38 £ 0.69 D
in the vitamin A group (P = 0.377). The average cylinder at
3 months in the control group was 0.51 £ 0.54 D, whereas in
the vitamin A group it was 0.59 £ 0.61 D (P =0.511).

At 3 months postoperatively, subepithelial haze was graded
by the same physician. We found no difference in subepithelial
opacity between the two groups (P = 0.960). The majority of
eyes (93.8% in both groups) showed a subepithelial opacity
below grade 2 (Table 2). No adverse effect secondary to topi-
cal vitamin A usage was observed during the study.

Discussion

Delayed healing, postoperative pain, and corneal haze are
the main undesirable complications after excimer laser
treatment.” Studies have suggested that keratocytes and
epithelial cells are mainly involved in the healing response.
In particular, the disappearance of anterior stromal kerato-
cytes in response to excimer laser surgery was an initiating
factor, which could then lead to epithelial hyperplasia and
eventually to haze formation and regression.!* In fact, ante-
rior keratocyte death was mediated by apoptosis with little

Table 2 Postoperative subepithelial opacity 3 months after PRK

Grade Non-vitamin A Vitamin A P-value
(control) group group
n (%) n (%)

0 12 (37.5%) 13 (40.6%) 0.960

0.5 13 (37.5%) Il (34.4%)

| 5 (15.6%) 6 (18.8%)

2 2 (6.2%) 2 (6.2%)

3 0 0

4 0 0

Abbreviations: PRK, photorefractive keratectomy; n, number.

accompanying inflammation, and the generation of free
radicals was the main cause of apoptosis.'>!® The extent of
tissue damage, therefore, may reflect the balance between the
oxidative damage and the local antioxidation defense system.
There is considerable experimental evidence from animal
studies to support the use of pharmacological agents that
are specifically directed against the oxygen radicals formed
during excimer photoablation or that could influence corneal
epithelial proliferation and differentiation.!”!8

On the other hand, although vitamin A exerts a moder-
ate antioxidant activity, it plays an essential part in epithelial
growth and limbal stem cell differentiation, promoting corneal
wound healing.? Studies suggest that vitamin A may modulate
the expression of thrombospondin-1 in the corneas to acceler-
ate the re-epithelialization of wounded corneas.!’ On this basis,
we attempted to verify the applicability of the data from ani-
mal models to the human cornea; we therefore performed the
present study to determine whether the use of topical vitamin
A could improve corneal re-epithelialization and reduce the
postoperative pain and the incidence of haze after PRK.

In the present study, we noted that topical vitamin A at
250 Ul/g neither enhanced corneal healing nor decreased
haze formation or pain compared to control (untreated)
eyes. In fact, several factors may explain these findings: the
vitamin A molecule, the vehicle used, the molecule associ-
ated with the active ingredient and the molecule dosage.
First, vitamin A is a group of nutritionally unsaturated
hydrocarbons that includes retinol, retinal, retinoic acid,
and several provitamin A carotenoids. Retinol, the form of
vitamin A absorbed when eating animal food sources, is a
yellow, fat-soluble substance. Because the pure alcohol form
is unstable, it is commercially produced and administered
as esters such as retinyl palmitate, or as an alcohol with a
petrolatum-based vehicle. In a study conducted by Johansen
et al,? all-trans retinoic acid (atRA) was used to investigate
its possible healing effect on epithelial corneal abrasions in
13 ocularly healthy Copenhagen White rabbits. This study
concluded that atRA 0.05% applied twice daily increased
the healing rate compared to the Vaseline vehicle. This
result was not found in our study, which used the retinol
palmitate form of vitamin A. In another study conducted by
Ubels et al,” an all-trans retinoic acid (Vesanoid [Tretinoin],
Roche) formulation in a petrolatum-based ophthalmic oint-
ment vehicle was developed.” This formulation was effective
at retinoic acid concentrations of 0.01%-0.1% in reversing
corneal keratinization in xerophthalmic rabbits. At 0.1%, it
also stimulated the healing rate of corneal epithelial wounds
in rabbits and monkeys.?*%

submit your manuscript

1916

Dove

Clinical Ophthalmology 2013:7


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Vitamin A and healing in surface refractive procedures

Second, the specific vitamin A vehicle may play a major
role in promoting the delivery of molecules. In a study done by
Hattori et al,** inorganically-coated atR A nanoparticles, which
are nano-sized egg-like particles of atRA (NANOEGG®-
atRA; Research Laboratories, Inc, Kawasaki, Japan), were
developed.* The purpose of that study was to determine the
effects of NANOEGG®™-atRA on corneal wound healing on
rabbit eyes. Exposure to NANOEGG®-atRA decreased the
injured area 24 hours after epithelium ablation and was found
to promote healing significantly in vitro. In that study, the
molecule used and the vehicle were different from those in the
present study. Also, the context was different, because results
were obtained in vitro and not in vivo, which demands caution
for deriving conclusions for human corneal healing.

Third, molecules associated with the active ingredient
may affect the healing process. In a randomized controlled
experimental study done on rabbit eyes, vitamin A palmitate
(VApal) and basic fibroblast growth factor (bFGF) were
found to promote repair of mechanical corneal epithelial
defects and development of intracellular conjunction.?® The
effect was more significant when VApal was combined with
bFGF. This study used the same molecule used in our study
(retinol palmitate), but in conjunction to bFGF. Although this
study yielded good results on epithelial healing, concerns
should be addressed regarding the context (rabbit eyes) and
the experimental model.

Fourth, molecular dosage should also be addressed.
A study done by Odaka et al* suggests that VApal (retinol
palmitate) is effective for the improvement of keratoconjunc-
tival epithelial damage in rabbit eyes. The fluorescein staining
and rose bengal scores showed a significant decrease in the
retinol palmitate group compared with the score in the vehicle
group at 7 days (P < 0.05) in the 1,000 IU/mL VApal group
and at both 3 days (P < 0.05) and 7 days (P < 0.01) in the
1,500 TU/mL VApal group. This study used a higher dosage
of retinol palmitate compared with that used in our study
(250 IU/g, which is equivalent to 312 IU/mL) and a different
delivery system (eye drops versus petrolatum-based ophthal-
mic ointment). On the other hand, the study context — using
alkaline injury and rabbit eyes — renders the comparison of
results with those found in the present study more difficult.

Finally, the route of administration may affect molecule
delivery to corneal epithelial cells. Ubels et al*’ discovered for
the first time that vitamin A is present in the tears as retinol,
which corresponds to the normal route of delivery of vitamin
A to the cornea in humans and rabbits. This study established
the rationale for treatment of corneal disease with topical
vitamin A, which endorses the use of the topical route as a

preferred one. In fact, we found no significant effect with
the topical form at a specific low dosage. On the other hand,
the only published clinical trial of oral high-dose vitamin A
and vitamin E supplementation after PRK showed a faster
epithelial healing.'® This difference could be explained by
the different dosage of retinol palmitate used (25,000 TU
per oral supplementation versus 250 1U/g), which makes
comparison between the two groups difficult. This could be
elucidated by measuring retinol concentration in tears after
oral administration.

In conclusion, this study showed no effect of retinol
palmitate 250 IU/g with petrolatum-based ophthalmic
ointment vehicle on epithelial healing, pain, and haze after
conventional PRK. More studies that address the efficacies
of different molecular forms of vitamin A, dosage, vehicle,
as well as other potentially associated molecules that could
enhance vitamin A action, are necessary. The major limitation
of this study remains the absence of a sham group (group
which receives similar ointment but with no vitamin A) and
a third group with only vitamin A with no other treatment
(this could only ethically be done in animal studies). Also,
other scenarios (for example, chemical burns, traumatism,
and infectious keratitis) should be considered in future stud-
ies on human eyes to evaluate the possible potential effect of
vitamin A on corneal epithelial healing.
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