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Abstract
PURPOSE—To analyze the changes in higher-order aberrations (HOAs) that occur after
wavefront-optimized photorefractive keratectomy (PRK) and laser in situ keratomileusis (LASIK).

SETTING—Private practice, Atlanta, Georgia, USA.

METHODS—This retrospective analysis comprised eyes that had PRK or LASIK from June 2004
through October 2005. Postoperative outcome measures included 3-month uncorrected visual
acuity (UCVA), best spectacle-corrected visual acuity (BSCVA), manifest refraction spherical
equivalent (MRSE), changes in the root mean square (RMS) and grouped coefficient HOAs
(microns) measured with a corneal analyzer, and subjective assessment of visual aberrations.

RESULTS—One hundred consecutive eyes of 54 patients had PRK, and 100 contemporaneous
consecutive eyes of 71 patients had LASIK. The PRK and LASIK populations were similar in
general demographics, preoperative HOAs, and postoperative UCVA and BSCVA. The mean
MRSE was slightly hyperopic after PRK (mean +0.11 diopters [D]) and slightly myopic after
LASIK (mean −0.19 D) (P<.0001). There were no statistically significant changes in RMS or
grouped coefficient HOA values after PRK or LASIK, nor were there significant differences in
postoperative RMS or grouped coefficient HOA values between PRK and LASIK. One percent of
PRK and LASIK patients reported a subjective increase in postoperative visual aberrations; 5%
reported a subjective improvement postoperatively.

CONCLUSIONS—Wavefront-optimized excimer laser surgery did not induce significant HOAs
after PRK or LASIK. The 2 techniques were equally efficacious and had equivalent postoperative
HOA profiles.

Excimer laser corneal refractive surgery for the correction of refractive error is safe and
effective, and most patients have excellent uncorrected (UCVA) and best spectacle-
corrected visual acuity (BSCVA) after photorefractive keratectomy (PRK) or laser in situ
keratomileusis (LASIK).1,2 However, some patients report unwanted postoperative visual
symptoms including glare, halos, starbursts, and other visual phenomena.3,4
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Conventional LASIK has been shown to induce higher-order aberrations (HOAs)5–11

including increased root-mean-square (RMS) error,8 increased total HOAs,5,9 coma,5–7,9

and spherical aberrations.5–9 Chalita6,7 and Melamud10 found that complaints of monocular
diplopia were correlated with induced coma and complaints of starburst and glare were
correlated with induced spherical aberration. Yamane et al.9 found that reduced contrast
sensitivity function postoperatively was correlated with induced total HOA, coma, and
spherical aberration. Sharma et al.11 found that RMS values more than twice normal
postoperative values significantly increased the risk for subjective complaints. Advances in
laser ablation profiles, including increased ablation zone diameters and wavefront-guided
and wavefront-optimized platforms, have sought to minimize the induction of glare, halos,
and other postoperative visual aberrations.

This study was designed to analyze changes in HOAs that occur after wavefront-optimized
PRK and LASIK.

PATIENTS AND METHODS
A retrospective analysis of eyes that had PRK or LASIK at Emory Vision, Atlanta, Georgia,
from June 2004 through October 2005 was performed. Emory University Investigative
Review Board approval was granted for this study. Patients were excluded from analysis if
they had previous ocular surgery, were not targeted for emmetropia, or did not have
sufficient preoperative or postoperative information.

Significantly more patients had LASIK than had PRK during the study period; therefore, all
consecutive PRK eyes with the necessary data were included and a consecutive
contemporaneous population of preoperative refraction-matched LASIK eyes was used for
comparison.

All cases were performed with the WaveLight Allegretto Wave excimer laser (WaveLight
AG). The laser incorporates wavefront-optimized technology (U.S. Food and Drug
Administration Premarket Approval Application Number P030008, October 2003). All
LASIK flaps were created with the Amadeus I microkeratome (Advanced Medical Optics)
using a 140.0 µm plate with Surgical Instrument Systems Surepass blades (Advanced
Medical Optics). For PRK cases, epithelial removal was performed in 1 of 2 ways based on
surgeon preference: (1) 20% ethanol in a well or on a 20% ethanol-soaked corneal light
shield for 30 seconds followed by mechanical removal or (2) use of the Amoils brush
(Innovative Excimer Solutions). In all PRK cases, mitomycin-C 0.02% was applied to the
stromal bed after laser ablation for 30 seconds to 2 minutes based on surgeon preference. No
nomogram adjustments were made for PRK or LASIK treatments.

Preoperative information recorded included patient age and sex, date of surgery, surgeon,
manifest refraction spherical equivalent (MRSE), BSCVA, and HOAs.

Higher-order aberrations were measured with the OPD-Scan ARK-10000 corneal analyzer
(Nidek Technologies) preoperatively and at the 3-month postoperative visit. Grouped RMS
and grouped coefficient Zernike values were analyzed. The RMS values included total
HOA, coma, trefoil, tetrafoil, and spherical aberration. Grouped coefficient values included
coma (terms 7 and 8), trefoil (terms 6 and 9), tetrafoil (term 10), and spherical aberration
(term 12). Wavefront analysis was performed across a naturally dilated pupil with a
diameter of 6.0 mm or larger and the wavefront analysis, over this central 6.0 mm zone.
Subjective visual aberration analysis was also performed, with patients reporting problems
with halos, night driving, ghosting, or double images on a 0 to 4 scale preoperatively and 3
months postoperatively.
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Outcome measures included UCVA, BSCVA, MRSE, RMS and grouped coefficient HOAs,
and subjective reports of aberrations 3 months postoperatively.

Statistical analyses were performed using the Student t test and chi-square analysis. To
compensate for approximately 50 separate comparisons, P values less than 0.001 were
considered significant (using the Bonferroni method to adjust for multiple comparisons).

RESULTS
One hundred consecutive eyes of 54 patients had PRK, and 100 consecutive
contemporaneous eyes of 71 patients had LASIK. The PRK and LASIK populations were
similar in general demographics (Table 1) and preoperative HOAs (Table 2).

Postoperative UCVA and BSCVA were also similar between groups (Table 1); however, the
mean MRSE was slightly hyperopic after PRK and slightly myopic after LASIK. This
difference was statistically significant (P<.0001).

There were no significant changes in RMS or grouped coefficient HOA values after PRK
(Figure 1) or LASIK (Figure 2) (both P>.001). There were no significant differences in
RMS or grouped coefficient postoperative HOA values between PRK and LASIK (P>.001)
(Figure 3). Most patients reported no change in subjective visual aberrations after PRK or
LASIK; 1% noted subjective worsening and 5% noted subjective improvements
postoperatively (Figure 4). All eyes with subjective worsening had a postoperative UCVA of
20/20 or better with plano refractions.

DISCUSSION
In this study, excimer laser surgery using a wavefront-optimized platform did not induce
significant HOAs after PRK or LASIK and postoperative HOA profiles were equivalent
between the 2 surgical techniques. Furthermore, only 1% of all patients reported a subjective
increase in subjective visual aberrations postoperatively while 5% reported postoperative
subjective improvement.

Although several techniques to measure and quantify HOAs are available; the technique that
most effectively models the human cornea remains undetermined.12–14 The OPD-Scan
ARK-10000 aberrometer combines Placido disk keratography and wavefront aberrometry
based on dynamic skiascopy. The aberrometer calculates the wavefront error using time-
based aberrometry as opposed to position-based aberrometry. The fundus reflex from the
unit’s scanning light source creates a time difference signal on 1440 points of the corneal
plane in the 2.0 mm and 6.0 mm zones. This signal is converted into a wavefront15–17 and
then compared with measurements in an emmetropic eye as a point of reference; a color-
scaled graphic representation of these differences is created. There has been some question
as to the repeatability of HOA measurements with the OPD-Scan18; however, we do not
believe that this significantly influenced the results in the population in our study; that is, the
lack of significant HOA in either group and the lack of significant differences between
groups.

Peripheral ablation profiles differ between conventional and wavefront-optimized laser
platforms and may be related to postoperative HOA, subjective visual aberrations, or both.
The angle of incidence between the laser beam and the surface of the cornea differs
depending on its location. At the center of the cornea, the angle is approximately 90 degrees;
it decreases progressively as the point of incidence moves toward the limbus. This
phenomenon has been shown to result in a 10% to 15% reduction in the amount of ablated
tissue in the periphery during standard treatments with a 6.5 mm optical zone,19 inducing
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positive spherical aberrations and accounting, at least in part, for optical aberrations created
by conventional LASIK treatments.5–11,19–22

The WaveLight Allegretto Wave is a flying-spot laser with a 0.95 mm gaussian beam, a 200
Hz repetition rate, and a tracker with a 6.0 ms response time specifically designed to
minimize the induction of high HOAs after LASIK. Optimized treatments are based on
manifest refraction, as opposed to custom or aberrometer-based treatments. They do not
differ from standard treatments in central ablation depth; however, optimized treatments
increase the laser energy delivered to the peripheral cornea in an attempt to preserve the
cornea’s original asphericity.19 Wavefront-guided ablations with the this laser may further
improve postoperative HOA profiles compared with wavefront-optimized profiles, but only
in selected patients.23,24

In addition to the laser platform, several other factors are reported to influence postoperative
HOAs; these include the type of surgery (surface ablation versus LASIK),5,25 amount of
correction,5,22 ablation zone,26 LASIK flap creation,27–29 method of LASIK flap creation
(mechanical microkeratome versus femtosecond laser),30,31 variable ablation depths per
laser pulse,32 and variable corneal biologic responses to the laser.32 However, there is
discrepancy in the literature regarding the relative contribution of these parameters. We did
not measure HOAs after creation of a flap without laser ablation. However, we found no
difference in the amount of HOA induced by LASIK and that induced by PRK. This
suggests that the flap itself does not contribute significantly to postoperative HOAs. It is
possible, although unlikely, that postoperative HOA profiles could change after 3 months;
studies with longer comparative follow-up would be needed to evaluate this.

In summary, wavefront-optimized excimer laser ablations did not induce significant
objective or subjective HOAs after LASIK or PRK. Both procedures were equally
efficacious.
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Figure 1.
Higher-order aberrations after PRK (RMS = root mean square).
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Figure 2.
High order aberrations after LASIK (RMS = root mean square).
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Figure 3.
Comparison of HOA changes after PRK and LASIK (LASIK = laser in situ keratomileusis;
PRK = photorefractive keratectomy; RMS = root mean square).
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Figure 4.
Comparison of subjective visual aberration changes after PRK and LASIK (LASIK = laser
in situ keratomileusis; PRK = photorefractive keratectomy). Wavefront-optimized excimer
laser PRK or LASIK did not induce higher-order aberrations. Both procedures were equally
efficacious.
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Table 1

Patient demographics.

Demographic PRK (n = 100) LASIK (n = 100) P Value

Sex (% male) 42 55 .09

Age (y) .2

  Mean 36.2 37.9

  Range 18 to 59 22 to 60

Preoperative MRSE (D) .9

  Mean −4.97 −4.98

  Range −0.75 to −9.00 −0.75 to −9.00

Preoperative BSCVA (20/x) .03

  Mean 19.3 18.5

  Range 15 to 25 15 to 25

Postoperative outcomes

  3-month UCVA (20/x) .2

    Mean 22.3 24.7

    Range 15 to 60 15 to 70

  3-month BSCVA (20/x) .3

    Mean 18.3 17.8

    Range 10 to 25 15 to 25

  3-month MRSE (D) <.0001

    Mean +0.11 −0.19

    Range −1.00 to +1.00 +0.75 to −0.875

BSCVA = best spectacle-corrected visual acuity; LASIK = laser in situ keratomileusis; MRSE = manifest refraction spherical equivalent; PRK =
photorefractive keratectomy; UCVA = uncorrected visual acuity
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Table 2

Preoperative HOAs.

Higher-Order Aberration PRK (n = 100) LASIK (n = 100) P Value

Root mean square (µm)

  Total HOA .9

    Mean ± SD 0.16 ± 0.12 0.16 ± 0.15

    Range 0.05 to 0.95 0.05 to 0.90

  Coma .5

    Mean ± SD 0.06 ± 0.04 0.05 ± 0.03

    Range 0.01 to 0.38 0.01 to 0.13

  Trefoil .8

    Mean ± SD 0.11 ± 0.07 0.10 ± 0.06

    Range 0.02 to 0.44 0.01 to 0.34

  Tetrafoil .5

    Mean ± SD 0.05 ± 0.10 0.06 ± 0.15

    Range 0.00 to 0.86 0.00 to 0.82

  Spherical aberration .7

    Mean ± SD 0.03 ± 0.03 0.03 ± 0.04

    Range 0.00 to 0.16 0.00 to 0.32

Coefficient (µm)

  Coma .6

    Mean ± SD −0.01 ± 0.05 −0.01 ± 0.06

    Range −0.12 to 0.16 −0.21 to 0.16

  Trefoil .9

    Mean ± SD −0.03 ± 0.16 −0.03 ± 0.12

    Range −0.97 to 0.29 −0.38 to 0.40

  Tetrafoil .5

    Mean ± SD −0.01 ± 0.18 −0.002 ± 0.11

    Range −0.61 to 0.17 −0.43 to 0.66

  Spherical aberration .6

    Mean ± SD 0.01 ± 0.04 0.01 ± 0.05

    Range −0.16 to 0.10 −0.34 to 0.06

Coefficient = grouped higher-order aberration coefficient values; HOA= higher-order aberrations; LASIK = laser in situ keratomileusis; PRK =
photorefractive keratectomy; RMS = root-mean-square values

J Cataract Refract Surg. Author manuscript; available in PMC 2013 August 23.


