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Abstract- This study aimed to assess changes in contrast sensitivity and aberrations in cases of myopia
greater than 5.0 diopter (D) who had photorefractive keratectomy (PRK). In this semi-experimental study, 20
eyes of ten patients were studied. Inclusion criteria were at least 5.0 D of myopia, stable refraction in the past
year, no history of refractive surgery, a minimum corneal thickness of 480 um, and having surgery in both
eyes. Exclusion criteria were the presence of any corneal condition. In addition to the routine tests,
aberrometry and assessment of contrast sensitivity was done using the WaveLight Allegro Analyzer and the
VectorVision CSV-1000. After PRK using the Concerto Excimer Laser (WaveLight, Alcon), patients were
scheduled to have follow-up visits at 1 month, 3 months, and 1 year after surgery. Contrast sensitivity with
glare showed an increasing trend only at the spatial frequency of 3 cycles per degree (cpd) (P=0.013).
Contrast sensitivity without glared increased postoperatively at special frequencies of 3, 6, and 18 cpd
(P<0.05). The preoperative level of higher order aberrations root mean square (HOA RMS) of 0.24+0.08
reached 0.71+0.25 at 12 months after surgery. Assessment of comma and trefoil showed no significant
difference between preoperative and postoperative values, but the amount of spherical aberration changed
from a mean preoperative value of 0.0+0.09 to 0.27+0.15 at 12 months after surgery. In the treatment of
myopia greater than 5.0 D, PRK with the Concerto Excimer Laser can improve contrast sensitivity in certain

spatial frequencies. This is while HOA RMS and spherical aberration increase.
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Introduction

In cases of moderate to severe myopia, laser in situ
keratomileusis (LASIK) is the preferred treatment,
because it offers a quick and painless recovery and there
is less risk for epithelial opacities. On the other hand, the
procedure comes with complications such as inadequate
intraoperative flaps, flap folds, ectasia, and increased
traumatic eye fragility. In addition, an insufficient
residual stroma is a contraindication for LASIK (1).
Alternative treatment options for extreme myopia
include photorefractive keratectomy (PRK), laser
assisted epithelial keratomileusis (LASEK), and
epithelial LASIK (Epi-LASIK). In these modalities, flap
related complications and mechanical instability are
reduced (2), but visual recovery is delayed and there is
increased risk of corneal opacification. Such
complications are observed more commonly in the

treatment of more severe cases of myopia (2-4). Many
studies suggest the use of mitomycin-C to reduce the
risk of corneal opacities after PRK (5,6).

Another potential complication of PRK is reduced
contrast sensitivity after surgery, especially when higher
degrees of refractive errors are corrected (7). However,
some studies contradict this and report that contrast
sensitivity improves after PRK (8). Since contrast
sensitivity is indicative of a qualitative aspect of visual
performance, and plays an important role, it needs to be
taken into account in comparisons and assessments of
surgical efficacy in refractive surgery (9).

Considering the inconclusive results in the literature,
and in light of advances in tools and techniques for
refractive surgery, we designed the present study to
assess changes in contrast sensitivity in cases of myopia
greater than 5.0 diopters (D) who had PRK using the
Concerto Excimer Laser (WaveLight, Alcon). In
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addition, we studied changes in aberrations for the
assessment of visual performance after surgery.

Materials and Methods

In this semi-experimental study, the target population
was cases of myopia of 5.0 D or more. Ten patients, 8
women and 2 men, were enrolled and 20 eyes were
studied.

Inclusion criteria were at least 5.0 D of myopia,
stable refraction in the past year, no history of refractive
surgery such as radial keratotomy (RK), PRK, or
LASIK, a minimum corneal thickness of 480 um, and
having surgery in both eyes. Exclusion criteria were the
presence of any corneal condition such as herpetic
keratitis, keratoconus, vernal keratoconjunctivitis
(VKC), history of glaucoma, uveitis, cataracts, diabetes,
and collagen vascular disease.

After patient selection, the routine preoperative tests
included measurement of uncorrected visual acuity
(UCVA), best corrected visual acuity (BCVA),
subjective, manifest and cycloplegic refraction, and a
complete ophthalmic examination with the slit lamp,
indirect ophthalmoscopy, ultrasound pachymetry,
standard topography, and Orbscan if necessary. Also,
aberrometry and assessment of contrast sensitivity was
done using the WaveLight Allegro Analyzer and the
VectorVision CSV-1000.

The study was approved by the Institutional Review
Board of Noor Ophthalmology Research Center, and all
participating patients signed written informed consents.

All surgeries were performed by a single surgeon.
After achieving local anesthesia with Tetracaine 0.5%,
first, the central 8.0 mm of the cornea was mechanically
debrided and then refractive correction was done using
the Concerto excimer laser. At the end of the ablation, a
0.02% mitomycin-C solution was used. The application
time was 25 seconds for a correction of 5.0 D, and we
added 10 seconds to this time for every extra 1.0 D. At
the end, the stromal bed was irrigated with 20 ml of
normal saline, a bandage contact lens (Air Optix, CIBA
Vision, USA) was placed, and chloramphenicol eye
drops were instilled. Postoperative medications included
betamethasone eye drops 4 times daily for 2 weeks,
chloramphenicol eye drops 4 times daily until 2 days
after removing the bandage lenses, Artelac artificial
tears, Biofenac eye drops 3 times daily, Flucort (FML)
drops starting from the third week after surgery after
discontinuing betamethasone. Patients were scheduled to
have follow-up visits at 1 month, 3 months, and 1 year
after surgery, and they had tests for UCVA, BCVA,
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refraction (subjective, manifest, and cycloplegic),
aberrometry, and contrast sensitivity. In addition,
patients completed questionnaires, which inquired about
their vision and symptoms such as halos, decreased
vision, and double vision. Collected data was entered
and analyzed using the SPSS software version 11.5. For
the descriptive analysis, we summarized the data in
means and standard deviations, and then we used the
repeated measures analysis of variance and the
Wilcoxon test to assess changes. The analysis method in
this study was the intention to treat.

Results

During the study period, 20 eyes of 10 people were
evaluated. The patients comprised 8 women and 2 men,
and their mean age was 24.6+3.1 (range, 21 to 31) years.
Mean preoperative sphere and cylinder errors were -
6.840.9 D and -1.0+0.8 D, respectively. Mean
preoperative pupil diameter was 6.2+1.1 (range; 4.1 to
8) mm.

As demonstrated in figure 1, the mean spherical
equivalent in our patients was about 0.1 D at the first,
third, and 12" month after surgery. The repeated
measures analysis of variance demonstrated a significant
difference between preoperative and first, third, and 12
month postoperative results in terms of spherical
equivalent (P<0.001), but no significant difference
among 1%, 3™ and 12™ month postoperative results
(P=0.240). At 3 months, 18 of the 20 eyes (90%) had a
spherical equivalent within+0.5 D of emmetropia. At 12
months, the spherical equivalent was within 0.5 D of
emmetropia in all eyes and 78% enjoyed emmetropia.

Spherical Equivalent (Diopter) &SD

Preop 1 month 3months 12 months

Figure 1. Changes in the spherical equivalent of the treated
eyes.
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Figure 2. Changes of contrast sensitivity with glare in the
treated eyes.

In all eyes, the preoperative UCVA was count
fingers. At 1 month and 3 months postoperatively, the
mean UCVA improved to 0.04+0.06 LogMAR (9/10)
and 0.0£0.0 LogMAR (10/10), respectively. At 12
months after surgery, mean UCVA had a significant
increase, compared to preoperative UCVA (P=0.010).

The mean preoperative BCVA was 0.0 LogMAR; in
other words, the BCVA was 10/10 in all eyes. At 1
month after surgery, mean BCVA was 0.01 LogMAR,
and 4 eyes had lost 1 line of BCVA compared to their
preoperative data. At 3 and 12 months after surgery, all

eyes had 10/10 BCVA.

Figure 2 and 3 shows the details of contrast
sensitivity measurements with and without glare,
respectively. Contrast sensitivity with glare showed an
increasing trend only at the spatial frequency of 3 cycles
per degree (cpd) (P=0.013). Contrast sensitivity without
glared increased postoperatively at special frequencies
of 3, 6, and 18 cpd (P<0.05).

Figure 4 demonstrates pre and postoperative levels
of aberrations. As summarized in this figure and table 1,
the preoperative level of higher order aberrations root
mean square (HOA RMS) of 0.24+0.08 reached
0.71£0.25 at 12 months after surgery. Assessment of
different aberrations such as comma and trefoil showed
no significant difference between preoperative and
postoperative values, but the amount of spherical
aberration changed from a mean preoperative value of
0.0£0.09 to 0.27+0.15 at 12 months after surgery. This
indicates that total increase in HOA is mainly due
induced spherical aberration.

At the 1% postoperative month, halo vision and
decreased visual acuity occurred in 7 and 8 eyes,
respectively, and at the 3™ postoperative months, the
incidence was 3 and 1, respectively. At 12 months after
surgery, none of the patients complained of halos,
decreased vision, or double vision.

Table 1. Preoperative and 12 month postoperative levels of aberrations.

Pre-op Post-op

Mean SD Mean SD
RMS 0.24 0.08 0.71 0.25
Trefoil 6 -0.02 0.11 -0.08 0.09
Comay 0.05 0.10 -0.11 0.44
Coma x -0.00 0.06 0.04 0.46
Trefoil 9 0.00 0.11 -0.04 0.15
Spherical aberration 0.00 0.09 0.27 0.15
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Figure 3. Changes of contrast sensitivity without glare in the treated eyes.
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Figure 4. Changes in the level of higher order aberrations.

Discussion

PRK is an acceptable, safe, and effective method for the
treatment of mild to moderate myopia, but the correction
of extreme cases of myopia is still a challenge.
Preliminary efforts of correcting high myopia had
unsatisfactory results that showed risk of corneal
opacification, loss of BCVA, and delayed visual
rehabilitation. Newer techniques and equipment
improved the results of PRK in cases of moderate to
severe myopia (10). Since previous studies reported
different results with different Excimer Laser systems,
our main objective in this report is to present the
outcome of laser surgery with the Concerto for the
correction of myopia higher than 5 D. The Concerto is
one of the new generation Excimer Lasers, which
delivers optimized ablation profiles, and it has a higher
frequency and smaller beam diameter compared to other
available Excimer Laser systems (11).

Contrast sensitivity is an important indicator of
visual quality and visual performance after laser
refractive surgery. In the assessment of small
postoperative changes, measurement of contrast
sensitivity serves better than visual acuity tests. As
mentioned in the results section, the visual acuity
improved postoperatively, while contrast sensitivity with
glare showed an increasing trend only at the spatial
frequency of 3 cpd (P=0.013). In terms of contrast
sensitivity without glare, an increasing trend was seen at
spatial frequencies of 3, 6, and 18 cpd (P<0.05).

Many studies have shown decreased contrast
sensitivity in myopic eye after PRK. In a study of 56
eyes of 31 patients by Sakata et al., PRK for myopia was
found to decrease contrast sensitivity (7). There is

evidence of decreased contrast sensitivity after LASIK
as well (12). According to Seiler et al., the decrease is
proportionate to the amount of refractive correction (13).
With these reports in mind, despite our expectations, we
found improvements of contrast sensitivity in some
spatial frequencies in the studied eyes. In line with our
results, some other reports indicate improvements in
contrast sensitivity after refractive surgery (8). Improved
contrast sensitivity in our study is probably due to
advances in laser refractive surgery equipment in terms
of the ablation profile and the beam diameter. To our
knowledge, results of new and old generation laser
systems have not been compared or reported. In general,
it is believed that smaller beam diameters and optimized
ablation profiles provide for more accurate corrections
of the corneal shape (14). These apply to the Concerto
and may be an explanation for better postoperative
vision quality in the treated eyes.

It must be noted that irregular astigmatism and
higher order aberrations can contribute to reduced
contrast sensitivity (15,16), and this can be an
interesting topic for future studies.

The eye is not a perfect optical system and
aberrations can reduce the quality of vision. In refractive
surgery, alterations in the corneal shape can induce more
aberrations. Therefore, measuring the amount of
aberrations was another aspect of our study.

Previous studies demonstrated increased levels of
optical aberrations and decreased visual performance
after myopic corrections (13,17). In our study, we
observed increased HOA RMS and spherical aberration
after surgery compared to preoperative values, and this
can be explained in light of previous studies. Possible
explanations for the induced spherical aberration include
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flattening of the central cornea with myopic correction
profiles and reduced Excimer Laser energy in the
corneal periphery. With optimized ablation profiles,
however, less induction of spherical aberration. In the
report by Randleman er al., the difference in ablation
profiles between conventional and wavefront optimized
is suggested to be responsible for different levels of
HOA after surgery with these two approaches. In their
study, there was no significant change in the level of
spherical aberration in the group, which had wavefront-
optimized Excimer Laser treatment (14). The smaller
beam diameter of the Concerto Excimer Laser system
(11,18) used in our study further raises this expectation.
Our study was different in that we had enrolled cases of
myopia greater than 5.0 D, and the observed increase in
HOA RMS, which was only significant for spherical
aberration, could be within acceptable limits. In
conclusion, in the treatment of myopia greater than 5.0
D, PRK with the Concerto Excimer Laser can improve
contrast sensitivity in certain spatial frequencies. This is
while HOA RMS and spherical aberration increase.
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